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Introduction 

6 HYDRODYNAMIC PARAMETER EDITOR 

6.1 Introduction 

The Hydrodynarmc parameters editor (HD-&tor) is used for settlng sup 
plementary data used for the smulahon Most of the parameters in this 
editor have default values and III most cases these values are sufficient for 
obtarnmg sahsfactory srmulatlon results The editor has a number of tabs 
whch are listed below and descnbed in the following 

0 QuasiSteady(p 161) 

0 Add Output(p 163) 

Flood Plm Resistance (p 165) 

0 Imtlal(p 166) 

0 Wmd(p 167) 

0 Bed Res~stance (p 168) 

0 Bed Resistance Toolbox (p 172) 

0 Wave approx (p 173) 

0 Default values (p 175) 

0 User Def Marks (p 177) 

0 Murlng Coefficients (p 179) 

0 W L Incr- Curve (p 180) 

0 W L Incr - Sand Bars (p 182) 

6.2 Quasi Steady 

6.2.1 Computational parameters 
Vanous parameters requned for the quasi steady simulatlon to be camed 
out 

In order to ophmize the convergence parameters with respect to accuracy 
and computabonal m e  It is recommended that the parameters be adjusted 
to obtam a samfactory solutlon for low flow con&tions This will lead to 
accurate results for higher flow conditions as well 

The ophrmzabon is camed out by runnlng the hydrodynamic model for 
constant low flow conditions unul steady conditions are obtained These 
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results can then be compared with those obtamed using the quasl-steady 
model It is emphasized that the parameters are 'model specific', I e each 
model setup and associated flow condibon requires individual parameter 
opmzation 
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Relax 
Weightmg parameter used in the quasi-steady solutlon For single 
branches without bifurcation the value should be 1 In more complex sys- 
tems the value should be less than 1 

Figure 6 1 The Quasi Steady property page 

Target-Branch 
Computed water levelddischarges are shown on the screen at each itera- 
uon for branch number equal to 'Target Branch' No computations are 
shown If 'Target Branch' is negahve 

Beta-Li mit 
Factor used to avoid underflow in 'honzontal' branches 

Fac-0 
Factor used to control the stop cntena for the discharge convergence test 

Qconv-f actor 
Q convergence factor used in the stop mtenon for the backwater compu- 
tation iterations 



Add Output 

6.3 

Hconv-factor 
H convergence factor used 111 the stop cntenon for the backwater compu- 
tation iterations 

Min-Hconv-InBranch 
Mnunum stop cntenon to avoid underflow 

Q-struc-factor 
Q structure factor Used to determine the dwharge at structures where a 
slot descnphon is mtroduced due to zero flow conditions 

H-stop 
Stop cntena M the water level convergence test 

Add. Output 

A number of sunulated parameters can be selected for storage in an addi- 
honal output result file (with the file name extension 'RES11') The 
parameters are saved for each save step at each WQ point of the nver sys- 
tem Time senes and longtudmal profiles of the parameters can be viewed 
m the same way as nonnal MIKE11 result files 

figure 6 2 The additronal output property page 





Flood Plain Resistance 

Volume 
The volume calculated around the H-gnd pomt 

Total The total water volume for the nver system 

Flooded Area 
H-pomts The flooded area of the water surface between two neighbonng 
Q-poms 

Total The total surface water area for the mer  system 

Mass Error 
Mass error measured m m3/s The mass error is defined as the difference 
between the volume calculated m the model and the true volume At nodal 
pomts with more than two connec&ons the mass error is distributed uni- 
formly between each connectlon 

Total The total mass error for the nver system -. 

Accumulated Mass Error 
The sum of the ‘Mass error’ m tune and space Generally, the mass error 
can be reduced by mcreasmg the number of iteratlons per tune step, reduc- 
mg the tme step, and or by mcreasrng the resoluhon of the cross-sections. 

NOTE! Some cross-secbons can cause mass-balance problems due to 
large contrachons These problematic cross-sectaons can be detected by 
selectmg the mass error item calculated for each gnd point 

6.4 Flood Plain Resistance 

Flood plam resistance numbers are applied when usmg the morphological 
sediment transport modules The flood plam resistance numbers are 
apphed above the ‘Level of divide’ specified m the raw cross s a o n  data 
(xnsll files) 

The global resistance number is applied on all flood plans unless local 
values are specfied Local values are lmearly mterpolated at intermediate 
chamage values The resistance number value -99 indicates that the flood 
plam resistance should be calculated from the raw data in the cross-secbon 
data-base 

Example (Figure 6 3) In ‘RIVER 1 ’ the resistance on the flood plains is 
globally calculated on the basis of the raw cross sectlon data However, 
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between chamage 5000 m and loo00 m an altername flood plain resist- 
ance is apphed The resistance number on the flood plains in this reach 
vanes lrnearly between 25 and 30 

Figure 6 3 The Flood Plain Resrstance property page 

6.5 lnitial 

I n i M  conditions for the hydrodynarmc model are specified on this page 
The global values are apphed over the entue network at the start of the 
computabon Specific local values can be specified by entenng nver 
name, chamage and iniual values Local values will ovemde the global 
specification 

Example (Figure 6 4) The global water level and discharge have been 
specfied as 5 00 and 1 400 respectively Local values have been specified 
ID the branch "RIVER 1" The local mit~al water levels vary from 5 70 to 
5 00 with a lrnear relabonship between chamage 0 and 3000 The dis- 
charge also vanes between 1 OOO and 1 400 with a hear relahonship over 
the 3000 branch length 
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Wind 

figure 6 4 lnrtral value tab 

6.6 Wind 

Wmd fields can be apphed to the entm model network using the wmd 
property page of the €ID editor The property page contams an "odoff 
switch a global wind factor and a table of local wind factors A wind field 
is applied globally to the model using a hydrodynamic boundary file 
( bndll) and can be scaled by using the global and local factors sectron 

Example (Figure 6 5) The global wind factor is set to 0 70 It varies h e -  
arly from 0 70 to 0 30 in the branch named "RIVER 1" from chamage 0 to 
5000 
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6.7 

6.7.1 

Figore 6 5 Wind tab 

Bed Resistance 

Two approaches may be applied for the bed resistance Either a uniform or 
a tnple zone approach can be specified 

Uniform approach 
The bed resistance is defined by a type and a corresponding global value 
Local values are entered in tabular form at the bottom of the editor 

There are three resistance type opbons 
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1 Mannmg’s M (unit m%, typical range 10-100) 

2 Mannmg’s n (reciprocal of Mannrngs M, typical range 0 010-0 100) 

3 Chezy number 

The resistance number is specified III the parameter ‘Resistance Number’ 
"his number is muhplied by the water level dependmg ‘Resistance fac- 
tor’ whxh is specfied for the cross sectlons m the cross sectlon editor 
( xns 11 files) to gwe a resulhng bed resistance 

Example (Figure 6 6) A global resistance (Mannrng’s M type) of 30 is 
specdied In the branch “RIVER 1 ” local resistance numbers are specified 
between chamages 0 and 21000 m The resistance number at mtermediate 
chamage values is calculated heady 
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Fgure 6 6 Uniform approach for implementation of the bed msistance 

6.7.2 Triple zone approach 
The Tnple Zone Approach offers a possibdity for the user to divide the 
nver sections in three zones with different bed resistance values These 
zones represent the vegetatlon free zone 111 the bottom of the profde, a 
vegetatlon zone on banks etc and. a zone for descnptlon of flow over 
banks and flood plains etc as indicated in Figure 6 7 

-" 
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Bed Resistance 

Fgum 6 7 Tnple Zone dimion of cross sectron 

Zone separator lmes must be defined m the User Defined Markers page 
(see descnphon m Actwahon of Bed resistance Tnple Zone Approach 
(P 177)) 

Global and local values of bed resistance for each zone can be specified as 
desmbed for the Uniform approach 

6.7.3 Vegetation and bed resistance 
Only few detlled inveshgabons have been made to estabhsh relationships 
between flow resistance and vegetatlon growth A quantitatwe evaluabon 
of the vegetahons influence on the flow resistance has been per€omed in a 
few danish gauging-programmes These are referred to III 
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6.8 Bed Resistance Toolbox 

Figure 6 8 The Bed Resrstance Toolbox property page 

The bed resistance toolbox offers a possibihty to make the program calcu- 
late the bed resistance as a funchon of the hydraulic parameters dunng the 
computabon by applymg a Bed Resistance huahon 

Five ophons are avdable in the Bed Resistance Equation combobox- 

0 Not Active 

Bed resistance values used m the computahon are those speclfied in the 
Bed Resistance page (Unlfom or Tnple zone approach) 

0 n = 1/M = a*ln(VR)Ab 

The bed resistance is calculated as a funchon of ln(velocity*Hydrauhc 
Radius) 

0 n=l/M=a*DAb 

The bed resistance is calculated as a funchon of the Water depth 

0 n=l/M=a*VAb 

The bed resistance is calculated as a funchon of the velocity 

0 Table (Velocity, Resistance value) 

A User defined table of resistance value as a funchon of actual velocity 
can be defined The bed resistance value apphed in the simulahon wlll 
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Wave approx 

be the interpolated value from this table, dependmg on the actual 
velocity 

Note To define the first lme in the table, click the ‘Velocity’ bar in the 
upper half of the page Thereafter, press the <TAB> button and a new 
h e  will be present 111 the gnd m the upper part of the page 

All features (equabons and table) can be defined both globally and local 

If a Tnple Zone Approach is apphed, it can be specified for which zones 
the bed resistance should be based on the toolbox definibons and wbch 
zones the bed resistance number should be taken from the Bed Resistance 
page Acbvate the ‘Apply to Sub-secbons’ check-boxes to specify that for 
a specific zone the bed resistance values must be detemuned from the 
toolbox definibons 

If one of the equahons has been apphed, the user must define values for 
the coefficient, a, and exponent, b Addbonally, a mnmum and a maxi- 
mum value must be speclfed to control, that bed resistance values calcu- 
lated from the ~XJU&ORS do not go below or above values considered 
reasonable by the user for the specific setup 

6.9 Wave approx 

Figure 6 9 The Wave Approximation property page 

There are 4 possible flow descnptlon avsulable in MIKE 11 The flow 
descnptions can be selected globally for the system andor locally for md- 
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6.9.1 

6.9.2 

6.9.3 

vidual branches Locally specfied flow descnptions must be specified for 
the whole branch 

In general it is recommended to use the ‘fully dynarmc’ or the ‘high order 
fully dynarmc’ flow descnphons Only m cases where it can be clearly 
shown that the ‘&ffusive wave’ or the ‘kmemahc wave’ are adequate 
should they be used The latter two flow descnptions are smplificahons of 
the full dynarmc equahons These are provided to improve the computa- 
h o d  efficiency of models m specific cmumstances They should only be 
used when the smphficahondassumphons upon whch they are based are 
vahd (see below) 

Fully Dynamic and High Order Fully Dynamic 
The ‘fully dynarmc’ and ‘hgh order fully dynmc’  flow descnption 
should be used where the merha of the water body over hme and space is 
mportant Thls is the case for all hdal flow situahons and m nver systems 
where the water surface slope, the bed slope and the bed resistance forces 
are small 

The ‘hgh order fully dynmc’  flow descnption contams specific high 
order and upstream centred fnchon terms m the momentum equabon Th~s 
modificahon allows srmulahons to be performed at longer tune steps than 
the ‘fully dynanuc’ descnphon 

Diffusive Wave 
The diffusive wave descnphon is a smplificahon of the full dynarmc 
soluhon and assumes that there are no inerhal forces ( 1  e the merhal terms 
are dropped from the momentum equahon) It is  suitable for backwater 
analysis slow propagatmg flood waves and for cases where the bed resist- 
ance forces domates  It is not smtable for tidal flows 

Kinematic Wave 
The hematrc wave approach assumes a balance between the fnction and 
gravity forces on the flow The descnphon is  suitable for relahvely steep 
nvers without backwater effects 



Default values 

6.10 Default values 

Figurn 6 10 The Default Values property page 

The default value property page contams vanous parameters related to the 
computabonal scheme These parameters are essenbal for the simulahon 
and have been gven default values The parameters can be modrfied if 
requmd The followmg bnef descnptions are provided (see also sectlon 
1 7 Coefficients, HD default parameters (p 24) rn the Reference Manual) 

6.10.1 Cornpubtion Scheme 

Delta 
The centnng of the gravity term m the momentum equahon 

Delhs 
The mrnimum allowable water level difference across a weu To obtain a 
steady solution for Merences below this limt a hear flow descnpbon is 
used 

Delh 
The Delh factor controls the dunensions of an arhficial ‘slot’, which is 
introduced to a cross secbon to prevent ‘drymg out’ of the sechon The 
artificial slot is a small void rntroduced at the base of the secbon and 
allows a small volume of water to remain in the secbon preventmg com- 
putabonal mstabllibes at low flows The slot is inserted at height Delh 
above the nver bottom and extends to a depth of 5 Delh below this level 

HydroDynamK: Parameter EdRor 1 75 18 
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Alpha 
The velocity distnbutton coefficient used m the convechve acceleration 
term of the momentum equahon 

Theta 
A weightmg factor used 111 the quadrahc part of the convective accelera- 
tton term of the momentum equahon 

EPS 
The water surface slope used 111 the cave wave approxmahon If the 
water surface slope becomes gnzater than EPS, the computahonal scheme 
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User Def Marks 

enhanced formulahon By default the values are -1, indicatmg that the tra- 
& h o d  formulahon is used For situations with high Froude numbers 
combined with small gnd spacmg the enhanced formulation can be 
applied see sechon 1 28 1 Suppression of convective acceleration term 
(p 101) m the Reference Manual 

6.10.2 Switches 

Node Compatibility 
Tb~s switch should be set to water level since the energy compatibility has 
not yet been implemented 

6.11 User Def. Marks 

The User Defined Markers page offers a possibdity for the user to define 
special markedpomts m the mer  network by defining the locabon and 
the top level of the item Items defined as user defmed markers can be pre- 
sented on a longtuhal profde m the result presentabon programme, 
MIKEView Markers could be the locauon of an mportant hydraulic 
structure, a gaugmg statlon or other signrficant item; m the iodellmg 
area. 

Note To define the first Marker m an empty page, click the ‘Mark trtle’ 
bar in the upper half of the page Thereafter, press the 4MB> button and a 
new hne wlll be present m the gnd in the upper part of the page as well as 
a new column is introduced m the ‘locabon gnd’ in the lower half of the 
page Wnte the name of the marker m the empty line in the upper gnd, and 
th~s name wdl automahcally be transferred as the name of the column 

Markers can be defined as smgle pomts only and as markers defined along 
a nver stretch (hear mterpolabon wlll be performed on stretches between 
chamages and marker levels defmed in th~s page 

6.71.7 Activation of Bed resistance Triple Zone Approach 
The Bed resistance Tnple Zone approach is acbvated by d e f m g  two 
markers with the names, ‘ZONE1-2’ and ‘ZONE2-3’ Marker names can 
not differ from these names if they are to be used for defining zone-sepa- 
rators for the tnple zone approach 

After defining the marker names, the zone-separator levels must be 
defmed as two levels defined m staaons along the nver stretches m the 
setup where the separation between Zone 1 and 2, and Zone 2 and 3 are 
present That is, a longitudinal profildine should be defined for each of 
the two zone-separators 
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Please Note: In case the Tnple Zone Approach has been activated and 
zone separator hnes are not defined for the enure setup, MIKE? 11 uses the 
uniform bed resistance values in the points where separator lines are not 
defined The resistance value used at these points IS the value (global or 
local) defined for the lower zone 

Figure 6 llshows an example where a smgle point marker has been 
defined ('& Bndge' at RIVERL, chamage 1500) and tnple zone sepa- 
rator hues has been defined in RIVER1 m the reach from chamage 0 0 to 
5000 

figure 6 11 Example of defining User Defined Marks 



Mixing Coefficients 

6.72 Mixing Coefficients 

Rgum 6 12 The Mwng Coeffiments property page 

Used only m conJunct.lon with the Quasi Steady State vegetation module 
This menu is used for settmg the mxmg coefficients between adjacent 
panels m the nver cross secbons Both global and local values may be set 
here 

Local values are shown at the bottom m table fonn 

6.72.7 Wafer & Wafer 

HWC & LWC 
In h s  box the mxmg coefficients between the low water channel (LWC) 
and the hlgh water channel ( W C )  are set The data is entered as a func- 
aon of the ratio between the width of the low flow channel and the total 
width of the nver (bB) Lmear mterpolabon is used to obmn mtermediate 
values 

Note To define the first line in the table, click the 'b/B' bar in the upper 
half of the page Thereafter, press the dAE+ button and a new h e  will 
be present in the gnd m the upper part of the page 
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Independent Veg. Zones f 
The m m g  coefficients at a watedwater boundary at an independent veg- 
etauon panel and a n o d  panel 

ExpansionlContraction f 
The m m g  coefficients at a watedwater boundary at a dead water mter- 
face 

6.122 Location 
The mer name and locabon (chamage) is &splayed here 

6.12.3 Water & Vegetation 
The rmxlng coefficients at watedvegetabon boundanes is set here 

Independent Vegetation Zones 
Mutmg coefficient at rndependent vegetabon zones 

Vegetation Zones adjacent to levee 
hhmg coefficient at vegetabon zones adjacent to levee 

6.73 W. L. Incr.- Curve 

Used only m conjuncbon with the Quasi Steady State vegetaaon module 
Ths menu is used for settmg the parameters whch are used for determm- 
mg the mcrement of the water level due to the presence of nver curvature 

The tab is rllustrated m Figure 6 13 with all the different features all of 
which are described below 
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W L Incr-Curve ese5 

6.13.1 General 

Figure 6 73 Water level increment due to cutves 

Enabling water level increment due to curves 
If the effect of the nver curvature on the water level IS to be included in 
the calculaQons th~s box should bcked 

Load Branch and Chainage button 
This button actwates a window with three choices 

0 Load the Branch and Chainage from Cross Sechon editor 

HydroDynamic Parameter Edltor 181 
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0 Load the Branch, Chamage and &&us from Cross Section editor and 
Network Edrtor 

0 Load the Branch, Chainage, Radius and Channel Width from Cross 
Section &tor and Network Editor 

Tick the appropnate choice and click OK 

At the bottom of the editor a table is displayed with nver name, chamage 
and the four parameters appmpnate for the deternabon of the water 
level mcrement The parameters whch are not wyed  may be edited 

6.13.2 System Definition 
In h s  box the user may tlck the appmpnate parameters which should be 
user defined or system defined The parameters whch are subsequently 
used m the calculatlons are 

1 AverageRange 

2 CwatureRadm 

3 Water Surface Width 

4 Velocity 

Note! If either 2 or 3 is bcked the velocity is also automatlcally ticked 

6.73.3 Tabular view 
The &tor displays a tabular view of the parameters whch will be used m 
the deterxxunaoon of the water level mcrement The user should &t these 
values appropnately 

6.14 W. I. Incr.- Sand Bars 

Used only m conjunctron with the Quasi Steady State vegetation module 
Ths  menu IS used for s e m g  the parameters which are used for d e t e m -  
mg the mcrement of the water level due to the presence of sand bars 

The tab is illustrated in Figure 6 14 with aU the hfferent features all  of 
which are descnbed below \ -. -, - 



Figure 6 14 Wafer level increment due to sand bars 

6.74.7 General 

Enabling water level increment due sand bars 
If the effect of sandbars on the water level is to be included 111 the calcula- 
Qons this box should be tlcked 

Load Branch and Chainage button 
This button loads the branch name and chainage from the cross section 
editor (remember to have the simulation editor open) 
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At the bottom of the editor a table is displayed with m e r  name, chamage 
and parameters appropnate for the detemnaaon of the water level mcre- 
ment 

6.74.2 System Definition 
In thts box the user may tick the appropnate parameters which should be 
user defined or system defined The parameters which are subsequently 
used m the calculauons are either 

0 Bed slope, low water channel width and water area of annual maxi- 
mum discharge 

or 

0 An observed water level rncrement 

6.14.3 Tabular view 
The editor &splays a tabular view of the parameters whch wdl be used 111 

the deternunanon of the water level mcrement The user should edit these 
values appropnately 
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7. I 

7.1.1 

7.7.2 

7.7.3 

ADVECTION DISPERSION PARAMETER EDITOR 

Introduction 

The AD Editor is used m conjunction with the following modules 

0 Advection Dispersion module (pure AD) 

0 Water Quahty module 

0 Cohesive sedment transport module 
e Advanced cohesive sedment transport module 

A bnef descnphon of each of these modules is provided below 

Advection Disperson module (AD) 
The advecfion-dispersion (AD) module is based on the one-dunensional 
equabon of conservafion of mass of a dmolved or suspended matenal, i e 
the advechondispersion equation The module requlres output from the 
hydrodynarmc module, m tune and space, m terms of discharge and water 
level, cross-secbonal area and hydrauhc radius. 

The Advection-Dispersion Equahon (p 188) is solved numencally usmg 
an unphcit finite difference scheme whch, in pmciple, IS uncondrtionally 
stable and has negligible numencal dispersion A correction term has been 
lntrodud m order to reduce the thud order truncahon error This c o r n -  
hon term makes it possible to smulate advectlondispersion of concentra- 
hon profiles with very steep fronts 

Water Quality module (WQ) 
The water quahty (WQ) module deals with the basic aspects of nver water 
quality m areas mfluenced by human actwifies e g oxygen depletion and 
ammonia levels as a result of organidnutnent loadings The WQ-module 
is coupled to the AD module, which means that the WQ module deals 
with the chermcaybiolognl transfommg processes of compounds in the 
nver and the AD module is used to smulate the smultaneous transport 
process The WQ module solves a system of coupled differentlal equa- 
hons descnblng the physical, chemcal and biologrcal mteractions m the 
nver The relevant water quality components must be defined in the AD 
e&tor 

Cohesive Sediment Transport module (CS7') 
The cohesive sedment transport (CST) module also forms part of the AD 
module In contrast to the non-cohesive sediment transport (NST) module, 

Introduction 
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7. 

7.1.5 

the sedunent transport cannot be descnbed by local parameters only 
because the setthng velocity of the fine sediments is very low The cohe- 
sive module uses the AD module to descnbe the transport of the sus- 
pended sedunent Erosioddeposihon is modelled as a sourcdsink term in 
the advection-lspersion equation The erosion rate depends on the local 
hydraulic condihons whereas the deposihon rate depends on the concen- 
trahon of the suspended sedment and on the hydraulic conditions 

The module can also be used when resuspension of sediment af€ects water 
quality This is because the resuspension of cohesive sedment often gives 
nse to oxygen deplehon due to the high organic content and associated 
oxygen demand.(COD) 111 the cohesive sedment Llkewise resuspension 
of cohesive sedment can give nse to heavy metal polluhon srnce heavy 
metals adhere to the sedment 

Cohesive Sediment Transport module (Advanced CS7J 
The Advanced cohesive sedment transport module provides an altema- 
hve, more complex, process descnphon than the smple CST module This 
module is especially useful 111 situahons where a mass balance of cohesive 
sedment is requlred in order to sunulate the accumulahon of sediment 
Then, knowing the exact locahon of sediment pools, it is possible to esh- 
mate the slltation m navigahon channels, waterways, harbours etc 

The advanced cohesive sedment transport module is part of the advec- 
hondispersion (AD) module As for the standard formulahon, the sedi- 

ment transport is descnbed in the AD-model through the transport of 
suspended soh& Erosion and deposihon of cohesive sedment is repre- 
sented 1~ the AD-model as a sourcdsmk term Whereas the erosion rate 
depends only on local hydraulic conditions (bed shear stress), the deposi- 
hon rate also depends on the suspended sedunent concentrahon 

The Advection-Dispersion Equation 
The one-dmensional (vemcally and laterally integrated) equabon for the 
conservahon of mass of a substance rn a soluhon, i e the onedmensional 
advechondispersion equation reads 

where 

C concentrahon (arbitrary unit) 

D &spersion coefficient (m%) 

30 188 
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! 7.2 Sediment layers 

Figure 7 1 The Sediment Layers property page 

htlal conditlons for the sedment layers are defined on the Sediment Lay- 
ers page Selechon pop down menus are avmlable for the component types 
‘Smgle cohesive’, ‘Multi cohesive’ or “on cohesive’ 

Location 

Component 
Three types can be selected Smgle Layer Cohesive, Multi Layer Cohesive 
and Non-Cohesive 

Layers 
Only avmlable when Component is chosen as a Mulh Layer Cohesive 
component The user can select between Upper, Middle and Lower repre- 
sentmg the three layers 111 the Muh Layer Cohesive model Parameters 
must be specified for each of the layers 

Table 
Only applicable for Multi Layer model components Instead of giving the 
initial con&tions III Height (p 191) a more detailed mihal condition can 
be speclfred using a width-Height table, see Parameters (p 191) 
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Height 
Although the header says 'Height' the initial data should be entered as vol- 
ume of sediment per length of mer In order to convert this initial data 
lnto an amount MIKE 11 uses the porosity and the relabve density speci- 
fied in the Non-cohesive ST (p 192) property page 

Density 
The density of the layer 

Pot. fac. 
Imbal amount of BOD attached to the sedment Only applicable for a Sm- 
gle Layer component 

Global 
If h s  box is checked the entered parameters are used globally 

River Name 
The name of the nver for whch the data apphes 

Chainage 
The chamage of the nver for whch the entered data applies 

Parameters 
For muh layer components a volume width relation can be entered The 
width u1 th~s relaQon is the width of the cross section, the volume is the 
volume of sedment per length of the mer It is hereby possible to vary the 
thickness of the sediment layer along the cross section 

Smgle layer cohesive component. 
When the slngle layer model is used only one sediment layer is displayed. 
The sdment layer miha1 condibons are defined by the followmg parame- 
ters 

Potency factor 
Ixubal amount of BOD attached to the sedment (kg BOD / kg sediment) 

Sediment layers 
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7.3 Non-cohesive ST 

Figure 72 The Non-cohesrve propertypage 

This page contarns mput parameters for Non-Cohesive components A 
non-cohesive component is defmed usmg the data section at the bottom of 
the page 

Model constants 

Model Type 
A pop down menu provides a choice from two types of sedunent transport 
formulabons, the Engelund-Fredsgie and the van Rip model 

Fac.1 
Cahbrabon factor for bed load bransport The calculated bed load is mulb- 
plied by the calibration factor 

Fac.2 
Calibrabon factor for suspended load transport. The calculated suspended 
load is mulhplied by the calibration factor 

Beta 
Dynamic fnctlon factor used in the Engelund-Fredse model 
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Ice model 

Typical range 0 50 - 0 65 

Ki n.visc. 
The lunematrc viscosity of water 

Porosity 
The porosity of the sedunent 

ReLdens. 
The relatwe density of the bent 

Thetac 
Sheld's cnt~cal parameter Typical range 0 04 - 0 06 

Data 

Component 
Here a Non-cohesive component is selected 

grain size 
The Dm value 

st dev. 
Standard deviahon 111 the gram sule distnbubon 

Global 
If th~s box is checked the entered parameters are used globally 

River Name 
The name of the nver for which the data applies 

Chainage 
The chmage of the nver for whch the entered data applies 

7.4 Icemodel 

This property page contams parameter informahon for the MIKE 11 ice 
module The following parameters must be specified 

0 Actwe ice model 

0 Constant cross secbon area 

r 
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0 Latitude 

0 Latentheat 

0 Specific heat of water 

0 Density of water 

0 Heatflw 

0 Icedensity 

0 Alrtemperature 

0 Windspeed 

0 Cloudness 

0 Visibihty 

0 Cloud density 

0 Precipitaaon 

0 Icethlckness 

0 Icecover 

0 Icequahty 

The latter three parameters can also be given local values in the gnd con- 
trol 

7.5 Additional output 

The addiaonal output page contams check boxes wluch can be used to 
store mternal model parameters in result files with the extension ( RES111 

Mass 
The mass m the system Given m the umts specified on the ‘Components’ 
property page Total and total accumulated as well as gnd and gnd accu- 
mulated values can be selected 
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7.6 Components 

Component names and numbers must be specified m tbs  dialog 

The components can be user defined or selected using the predefined 
component sets provided with the water quality module Each component 
is modelled usmg a defined concenmon ‘unit’ and ‘type’ 

figure 7 4 The component property page 

WQ / Sediment interaction 
If this check box is checked Mlkell will mclude the exchange of BOD 
between the water and the sediment. Both cohesive sedunent and non- 
cohesive sediment will be included All together four components will be 
added to the component list 

- COHE Cohesive sedment ?Lpe must be ‘Smgle Layer Cohesive’ 

- COHE BOD BOD attached to cohesive sedment S p e  must be 
‘Normal‘ 

- NON-COHE Non-cohesive sedrment ’Qpe must be ‘Non-Cohe- 
sive’ 

- NON-COHE BOD BOD attached to noncohesive sediment Dpe 
must be ‘Normal’ 
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Fill WQ components 
By selecung the F1l1 WQ components button a number of pre-defined 
component sets for the water quality modules can be accessed 

Figure 7 5 Selectrng different WQ model components 

A short descnption of the WQ model types is listed below 

)/DO Components used for the standard water quality (WQ) 
model Up to 6 levels can be chosen using the levels option Cohf- 
onnal bactena and phosphorus components can also be included 

- EU Components used for the eutrophication module 
- EU extended Components used for the extended eutrophlcabon 
(EU) module 

- HM Components used for the heavy metal (HM) module 

- OCRE Components used for the ron-oxidation(0CRE) module 

- NP-TRANS Components used for the nutnent transport module 
- EQ SOLVE Components used for the equabon solver module 

Component 
Here all components for AD and/or WQ simulations are defined 

Units 
Here the unit of the component IS specified 

- my-glm3 Microgram per cubic meter 
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- mgm3 Milligram per cubic meter 

- gm3 Gram per cubic meter 

- kg/m3 Kdogram per cubic meter 

- my-@ hkrogramperlitre 

- m@ Mrlligramperhm 

- @ Gramperlitre 

- Deg. Cel Degrees 111 Celcius 

- Counts x lE6/100 ml Bacterial counts 

rLPe 
- Normal A component used for AD and/or WQ smulahons 

- Single layer cohesive A component used only in the smgle layer 
cohesive sedlment transport model 

- Multi cohesive A component used in the mulh layer cobesive sed- 
ment transport model 

- - Non-cohmve Used only if WQISediment interacQon is chosen, 
see WQ / Sedment mterachon ( p  196) Note that thls non-cohesive 
sedunent model can not be used for morphologd simulauons It is 
only used to smulate the exchange between the water and the sedi- 
ment of BOD attached to the sement 

7.7 Dispersion 

The dispersion coefficient, D, is descnbed as a funchon of the mean flow 
velocity, K as shown below 

D = a? (7 2) 

Where a is the dispersion factor and b the dispersion exponent Typical 
value ranges for D 1-5 m2/s (for small streams), 5-20 m2/s (for nvers) 

Both the ‘dispersion factor’ and the ‘dispersion exponent’ can be speci- 
fied If the dispersion exponent is zero then the dispersion coefficient D 
becomes constant (equal to the dispersion factor) By default the disper- 
sion is zero (I e there is only advecuve transport and no dispersion) The 
‘ b m u m  dispersion coefficient’ and the ‘Maximum dispersion coeffi- 
cient’ parameters are used to control the range of the calculated dqersion 
coefficients 
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4se5 Advection dispersion parameter editor 

River Name 
Name of the nver with local dispersion values 

Chainage 
Chamage m nver with local Qspersion values 

Dispersion factor 
Local value of the Qspersion factor 

Exponent 
Local value of the Qspersion exponent 

Minimum disp coeff. 
Local value of the rmnmum Qspersion coefficient 

Maximum disp coeff. 
Maxmum value of the dspersion coefficient 

Example . r 

In Figure 7 6 both global and local values are entered In ‘RIVER 1’ the 
dlspersion coefficient is globally set to 10 m2/s (independent of the flow 
velocity because b equals 0) In the reach between chamages loo00 m and 
2oooO m the dispersion coefficient is dependent on the velocity (O= lSV, 5 
< D < 2 5 )  

7.8 hit. cond. 

Imtlal component concentrations are defmed on this property page If an 
mitral concentration is not specified a default value of zero will be applied 
throughout the model Global and local values of mihal concentratrons can 
be specified for each component Local values are specdied by entenng 
the nver name, chamage and concentration in the local values table Initial 
concentratrons are not used if the AD simulahon is started with a hotstart 
file 
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Figure 7 7 The inhal md&m ppertypage m 
zm Initial values table 

IEl Component 
I 

QI 

m Concentratron 

Here the component m questlon is selected. It is possible to choose 
between the components defined m the Components property page, see 
Components (p 196) 

Here the value of the mitral conditron is entered m 
w 
a 
F= 

Example 

Global 
"Ius box must be checked If the value entered 111 the Concentrafion field 
should be used as a global value If it is left unchecked the value will be 
used as a local value 

River name 
The name of the mer with the local lnitlal value 

Chainage 
The chamage in the nver with the local value 

In Figure 7 7 two components are simulated, COW1 and COMP2 The 
miual concentrauon of COMPl is set to 10 00 for the enure nver network 
The iniual concentrauon of WIMP2 is set globally with a value of 2 00 
However, the inihal concentration of COMP2 vanes linearly between 2 00 
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and 7 00 in the branch ‘RIVER 1’ from chamage loo00 to 2oooO From 
chainage 2oooO to 25000 the mihal concentrahon of COMP2 is 7 00 

7.9 Decay 

Thls page contams mfomtion for nonconsematwe components These 
components are assumed to decay accordmg to a fmt-order expression 

Where K is a decay constant C is the concentrahon Both global and local 
values of the decay constant K can be specified NOTE If the components 
selected are used for a water quality smulation (WQ) then decay con- 
stants should not be specified 

Figure 7 8 The Decay pmpetfy page 

Component 
Here the component in queshon is selected It is possible to choose 
between the components defined in the Components property page, see 
Components (p 196) 

Decay const 
Here the value of the decay constant are entered 

202 
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Global 
This box must be checked if the value entered in the Decay const field 
should be used as a global value If it is left unchecked the value will be 
used as a local value 

River name 
The name of the nver with the local mitial value 

Chainage 
The chamage m the nver with the local value 

Example 
In Figure 7 8 the component C O W  has been selected to be nonconserv- 
abve The decay constant 1s 1 00 globally in the mer  network and has a 
value of 2 00 m RNER 1 between the chamages loo00 m and 2oo00 m 

7.10 Boundary 

At all external model boundanes a concentrabon condtion must be speci- 
fied for al l  components An external boundary can be defined as one of 
-types 

0 Open concentrabon boundary 

0 Opentransportboundary 

0 Closedboundary 

7.10.1 Which boundary description to use? 

Open concentration boundary 
Open concentrabon boundary condbons should be applied at locabons 
where outflow (of water and component mass) from the model area 
occurs Open concentrabon boundanes m the AD model correspond to 
opedwater level or Q-h boundanes in the HD model At each open bound- 
ary, a tune senes of the concentrabon must be specified in the boundary 
d t o r  ( bndll files) 

T i e  varyrng and/or constant concentrabon inflow boundanes are devel- 
oped in a simlar way to that of discharges and water levels in the hydro- 
dynarmc model When an outflow boundary becomes an inflow boundary 
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menu if a sirmlar boundary condition has been specified in the hydrody- 
narmc cornputahon (1 e Q = 0) Closed boundary points do not need to 
requlre concentrahon tune senes This boundary condihon IS character- 
lzed by a zero discharge and IS defmed as 

ac - = o  
ak 

(I e , there is no transport through the boundary ) 

7.10.2 Entering the data 

I 

I 
I 
I 
I 
R 
I 
I 
I 
B 
I 
I 
I 
I 
I 
B 

m 

n 
I 
I 
I 
I 
I 
I 
I 
I 
I 

R 

Figure 7 9 The Boundaryptvpertypage 

Open and closed boundary conditions 

River Name 
Name of the nver for which boundary type is specified 

Chainage 
Charnage IU nver for whxh boundary type is specified 

Type 
- Closed, see descnphon at Closed boundanes (p 204) 

- Open, Concentnbon, see descnpbon at Open concentration bound- 

- Open, Transport, see descnption at Open transport boundary 
W(P 203) 

(P 204) 
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K-mix 
Here KmLz from (7 4) is entered 

7.11 Cohesive ST 

Data used for the cohesive sediment transport models are entered on this 
page When usmg the cohesive sedment transport models (either the sm- 
ple or the advanced) al l  components specified in the AD editor must be 
defmed as ‘Smgle layer coheslve’ or ‘Muh layer cohesive’ m the Compo- 
nents dialog 

The cohesive sedment transport parameters can only be accessed when a 
component type on the ‘Components’ page is defined as either single or 
mulu layered Global and local parameter values can be specified as 
requued 

7.11.1 Single Layer Cohesive Model 

figure 7 70 The Cohesive sediment property page when a single layer model IS 
selected 

Below the parameters that apply to the ‘Single layer cohesive’ sedunent 
transport model are descnbed 
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Fall Velocity 

wo 
The free settltng velocity 

Deposition 

Critical shear stresshrelocity for deposition 
Deposibon occurs for shear stresses or velocities lower than the mtical 
value The user can select whch one to use The typical range is 0 03 - 
1 00 N/m2 

Time centring 
This centnng factor used m the deposiQon formula l[).pical range is 0 5- 
10 

Erosion 

Critical shear stresshrelocity for erosion 
Erosion occurs for shear stresses or velocities larger than the mt~cal value 
The user can select which one to use The typical range is 0 05 - 0 10 
N/m2 

Erosion coefficient 
The erosion coefficient is applied linearly m the erosion expression Typi- 
cal range 0 20 - 0 50 g/m2/s 

Erosion exponent 
The erosion exponent descnbes the degree of non-lmeanty m the rate of 
erosion Qpicalrange 1-4 

Overview 
At the bottom of the property page a overview table is shown 

Global 
If th~s box is checked the entered parameters are used globally 

River Name 
The name of the nver for which the data applies 

C hai nage 
The chamage of the nver for wbch the entered data applies 
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7.11.2 Multi Layer Cohesive Model 

Figure 7 11 The cohesive sediment properiy page when a mu& layer model is 
Sebcted 

Below the parameters that apply to the ‘Mulh layer cohesive’ sedment 
transport model are descnbed 

Fall velocity 

c-offset 
Concentration limt for flocculahon affected settling velocity For higher 
concentrahons the settlmg velocity is affected by hindered settling 

9 
Exponent used rn the settling velocity expression mica1 range 3 - 5 

m 
Exponent in the settling velocity expression for concentrations below C- 
offset 

wo 
Free sefflrng velocity Twical range 0 0025 - 0 01 d s  
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layer 2 -> layer 3 0 10 - 0 20 g / d s  

Sliding friction coefficient 
Coefficient used 111 the formulahon for sliding of sedment. Typical range 
3 - 7 mWs 

Overview 
At the bottom of the property page a overview table is shown 

Global 
I f h  box is checked the entered parameters are used globally 

River Name 
The name of the nver for which the data applies 

Chainage 
The chamage of the nver for which the entered data applies 

7.11.3 Description 

Single Cohesive Layer Model - Deposition 
Deposiuon of suspended matenal occurs when the mean flow velocity is 
sufficiently low for particles and sedment flocs to fall to the bed and 
remam there without becommg mediately resuspended Parhcles and 
flocs r e m  on the bed if the bed shear stress IS less than the cnhcal shear 
stress for deposihon 

The rate of deposihon can be expressed by 

wc 
h 

where, 

S is the source term m the advecQon dispersion equauon 

C is the concentrahon of the suspended sedunent (kg/m3) 

w is the mean settlmg velocity of suspended particles (ds) 

h' is the average depth through which the parhcles settle 

z is the cntrcal shear stress for deposihon (N/m2) 

(7 7 )  
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T bed shear stress (N/m2) 

T~~ 

M* 

h flowdepth(m) 

cnncal shear stress for erosion (N/m2) 

erodibility of the bed (g/m2/s) (= erosion coefficient) 

q1 n erosion exponent 

Usmg the Mannmg formula as descnbed m the depositlon sechon above, 
the followrng expression for the erosion rate can be denved 

where 

Vce cnhcal erosion velocity 

Multi Layer Cohesive Model - Deposition 
Deposibon occurs when the bed shear stress is smaller than a cnhcal shear 
stress for depositlon In the advanced cohesive model the rate of deposi- 
hon (Sd) is gwen by 

where 

sd 

z 

C 

rate of deposihon (kg/m%) 

cnhcal shear stress for deposihon @Urn2) 

suspended sedment concentxmon (kg/m3> 

All deposited matenal is added to sub-layer 1 

The madel concentranon c is weighted in tune accordmg to the followmg 
expression 

(7 13) 
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where 

1 spabal index 

n tune mdex 

8 the bme cenmg for deposition 

Multi Layer Cohesive Model - Erosion 
The erosion process can be descnbed as either mstantaneous or gradual 
Instantaneous erosion occurs when the bed shear stress exceeds the cntlcal 
shear stress for erosion of the sdment Thls implies that all sednnent is 
resuspended mstantaneously 

The gradual erosion is descnbed by an erosion rate assumed to be a non- 
lmear funcbon of the excess stress 

SE = Eo(Tb - Tc, e)" 9 Tb ' =c, e 

where, 

S, rate of erosion (kg/m2/s) 

E,, erosion coefficient (kg/s/N) 

zcSc cnbcal shear stress for erosion n erosion exponent 

(7 14) 

Both mstantaneous and gradual erosion formulations can L- applied to 
sub-layer 1 Gradual erosion is automatnlly applied for sub-layers 2 and 
3 Thus, it is possible to descnbe each sub-layer separately through the 
parameters E,, and n The erosion rate can be specified in terms of veloc- 
ity or shear stresses 
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Level for Water Quality Modelling 

8 WATER QUALITY EDITOR 

8.7 f eve/ for Water Qua/ity Modelling 

It is possible to choose among SIX model levels correspondmg to different 
sets of state vanables for the water quality andor drffment descnptions of 
the transfomtron of the state vanables m the nver The hgher the model 
level, the more executron trine the water quality module w111 requrre 

The whole idea of hamg a number of model levels wth varying com- 
plemty is to have a model whch would apply to very sunple problems (m 
terms of vanables mvolved), and also to much more complicated situa- 
tions where nutnent transport and hctionation of the orgamc matter (dis- 
solved, suspended and deposited) are mcluded Usmg such approach the 
model wdl be quick to use and would be able to solve small though still 
mportant problems It can also be used m the most complex situations 
where the next step would be to apply ecolog~cal type models such as a 
eutropbcahon model 

8.2 Model Level 

Model level I : BOD and DO 
A slmple oxygen balance model, only mcludmg immediate oxygen 
demand fiom degradatron of BOD and reaerabon 

Coliforms and phosphorus are opt~onal at all model levels 

Model level 2: BOD, with bedkediment exchange and DO 
As model level 1,  except that here resuspension and sedrmentatron are 
mcluded m the calculatron of  the BOD balance, and a sedment oxygen 
demand is mcluded m the dissolved oxygen balance 

Coliforms and phosphorus are optronal at all model levels 

Model level 3: BOD, DO, and nitrification 
As for model level 1 w~th  the addthan of  the ammoma / nitrate bal- 
ances, and the oxygen consumphon from the nitnfication process No 
demtnficabon IS assumed 

Coliforms and phosphorus are optional at all model levels 
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Model level 4. BOD, with Wsediment exchange, DO, 
Nibifcation and Denitrification 

Includes all processes from model levels 2 and 3 resuspension and 
sedimentabon are mcluded 111 the calculabon of the BOD balance, and 
the ammoma / mtrate balances, plus the oxygen consumptlon from the 
sdment oxygen demand and the mtnficabon process are mcluded 
Moreover, demtdicabon is mcluded 

Cohforms and phosphorus are opttonal at all model levels 

Model level 5: BOD and DO, including delayed oxygen demand 
BOD at tins model level is split lnto three Qfferent fiacbons dissolved 
111 the water phase, suspend& m the water phase, and settled at the 
nver bed Degradatm of the settled BOD h c t m  at the nver bed 
gwes flse to the delayed oxygen demand Thls level does not mclude 
the mtrogen components ammoma and mtrate 

C o h f m  and phosphorus are optmnal at all model levels 

Model level 6: All processes 
Dissolved BOD, suspended BOD, BOD at the nver bed, oxygen, 
ammonia and nitrate BOD is descnbed as for level 5, and nitrogen 
components are descnbed as for level 4 

Coliforms and phosphorus are optional at all model levels 

Besides, the model can mclude Coli bactena (faecal and total) andlor 
phosphorus on each of the s1x levels 

Each data entry menu, has been diwded mto two parts mto whch values 
I CaIlbetyped 

1 Fields with global values 

2 Fields wlth local values 

Global values apply everywhere m the nver system, where no local values 
I have been specified 

Local values apply to specific locabons m the nver system Dunng com- 
putaaon model values wll be interpolated between the locally defined 
values Outside the locally specified areas the global parameter values wdl 
be used 
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8.2.1 Arrhenius 
Amhemus gives the temperature dependency of  a process rate by mulbply- 
mg wth the factor 

In the WQ model all temperature dependencies are descnbed m th~s way, 
and the reference temperature, To, is 20 "C If 0 is set to be 1 07, the proc- 
ess rate doubles when temperature mcreases by 10 "C Thrs is generally a 
reasonable appmumatmn for chenucal processes Biological processes, 
however, can show more vanability 

8.22 Degmdatron at the bed 
Th~s property page offers possibility to add and edit bed degradahon 
related data 

There are four parameters for degradahon of  orgamc matter at the nver 
bed 

In the first field, a global value for the first order decay rate for s h e n t  
BOD at 20°C, K1, is shown The physical unit is l/day 

In the second field a global value of the Amhemus temperature coefficient 
for the decay rate is shown, it IS dunensionless 

In the thxd field the baselme seclunent oxygen demand of  20°C is speci- 
fied The mt is g 02/day The basehe sechment oxygen demand is the 
basic demand of oxygen h m  the nver bed due to natural sources of 
organ~c matter, that is, not as a result of  the polluhon sources studied by 
the modellmg The oxygen demand due to settling of BOD from the pollu- 
hon sources is taken mto account by the BOD decay at the nver bed, for 
whch the rate constant is specified by the first parameter m thrs menu 

In the last field the Arrhenius temperature coefficient for the oxygen 
demand at the nver bed is specified 

The global values wll be used by the WQ module throughout the nver 
system Local values can be g~ven for specific locahons 

8.2.3 BeNsediment (level 2 and 4) 
Thrs property page offers possibility to add and edit bed / sediment related 
data III connecbon mth modellmg bed / sedment exchange 

There are five coefficients for Bed/Se&ment on th~s model level 
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In the first field the baselme se&ment oxygen demand of 2OoC is speci- 
fied The unit is g O*/day The baselme sehment oxygen demand is the 
basic demand of oxygen fiom the nver bed due to natural sources of 
organic matter, that is, not as a result of the polluQon sources studied by 
the modellmg 

In the second field the Amhemus temperatwe coefficient for the oxygen 
demand at the nver bed IS specified 

In the thud field the resuspenston of sehmented organic matter is speci- 
fied as g BOD/m2/day 

In the fourth field the settlmg velocity is specified for suspended orgamc 
matter 111 &day 

In the fifth field the cntical flow velocity, where net resuspensionldeposi- 
tion is zero, is specified The cnbcal flow velocity is gwen III m/sec When 
the flow velocity is below this value, se&mentabon is assumed, and the 
parameter specified m the prev~ous field is used When the flow velocity 
exceeds this value, resuspension is assumed, and the parameter specified 
III the second field is used 

The global values urlll be used by the WQ module throughout the nver 
system Local values can be gven for specific locaaons 

8 2 4 Bed / Sediment (Model Levels 5 and 6) 
Thls property page offers possibility to add and ed t  s e b e n t  f bed related 
data 111 connect1011 wth modelhg delayed oxygen demand 

There are five coefficients for BedSdrnent on th~s model level 

In the first field a 1st order adsorptm constant must be specified for the 
adsorphon of dissolved organic matter fiom the water on the nver bed 
The umt is d d a y  

In the second field the resuspension of sedimented organic matter is speci- 
fied as g BOD/mz/day 

In the thud field the settlmg velocity is specified for suspended organic 
matter Ifl m/day 

In the fourth field the mbcal flow velocity, where net resuspensioddepo- 
sibon is zero, is specified The critical flow velocity is gven m dsec 
When the flow velocity is below h s  value, sedmentatmn is assumed, and 
the parameter specified m the prevlous field is used When the flow veloc- 
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ity exceeds thls value, resuspension is assumed, and the parameter spec]- 
fied m the second field is used 

In the last field the cnhcal concentrahon of organic matter at the nver bed 
is specified as g BOD/mZ In case of concentrahons below thls value there 
m11 be no resuspension of orgmc matter fiom the bed mspectwe of the 
flow velocity (th~s is effectwely the same as &tmg the parameta rn field 
# 2 to zero) 

The global values wll be used by the WQ module throughout the nver 
system Local values can be gwen for specific locatms 

8.2.5 Nitrogen Contents (Model Levels 3 and 4) 
Th~s property page offers possibility to add and d t  nitrogen contents 
related data 

The btle Nitrogen contents covers the mtrogen release from BOD decay 
and the uptake of ammonlil by bactenal and plants The parameters for 
these processes are necessary, rn order to descnbe the nitrogen transport 
and transformahon m the nver The menus for the immedate oxygen 
demand levels (3 and 4) and the level rncludmg both unmedtate and 
delayed oxygen demand (6) are different due to the differences m the 
descnphon of the BOD, e g the hhonahon when delayed oxygen 
demand is mcluded 

Three parameters for mtrogen contents are requmd in the case of model- 
lmg only unmedrate oxygen demand 

In the first field a value for the release of ammonia-mtrogen IS gven for 
the degradabon of orgmc matter, 111 the unit g "H4+-N/gBOD 

In the second field the uptake by the plants of ammonia-nitrogen relatrve 
to the net photosynthesis (= photosynthesis - respmhon) at the maxl~~llun 

rate of photosynthesis is specified The unit is g NH4+-N uptaken / g 0, 
released 

In the last field the uptake of ammoma-nitrogen by bactena must be spec- 
ified relatwe to thm uptake of oxygen The umt is g NH4+-N uptalcad g 
0, used 

In summary: 
First field 

Global value for the release of ammoma at BOD decay (g"4+-N/gOZ) 
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Second field 

Global value for the uptake of axmnonm m plants propomonal to the net 
photosynthesis (gW4+-N/g02) 

Third field 

Global value for the ammonia uptake XI bactena proporhonal to thelr deg- 
radabon of  BOD (g”4+-N/g02) 

The global values wll be used by the WQ module throughout the nver 
system Local values can be gven for specific locations 

8.26 Nitrogen Contents (Model Level 6) 
’ h s  property page offers possibdity to add and edit nitrogen contents 
related data 

The btle Nitrogen contents covers the mtrogen release from BOD decay 
and the uptake of ammoma by bactmal and plants The parameters for 
these processes are necessary, 111 order to descnbe the nitrogen transport 
and transformation 111 the nver The menus for the immediate oxygen 
demand levels (3 and 4) and the level mcludmg both -date and 
delayed oxygen demand (6) are diffaent due to the differences m the 
descnpt~cm of the BOD, e g the hctionation when delayed oxygen 
demand is mcluded 

Five parameters for mtrogen contents are requmd m the case of modellmg 
both mmediate and delayed oxygen demand 

In the first three fields values for the release of ammonia-nitrogen are 
g~ven for the degradabon of dissolved organic matter, suspended organic 
matter and sedunented orgamc matter respectively All three values have 
the umt g”4+-N/gBOD 

In the fourth field the uptake by the plants of ammoma-mtrogen relatwe to 
the net photosynthesls (= photosynthesis - respmbon) at the maxl~llum 

rate of  photosynthesis is specified The unit is g”4+-N uptalcen& 
released 

In the last field the uptake of ammoma-nitrogen by bactena must be spec- 
ified relatwe to thelr uptake of oxygen The unit is gNH4+-N uptakdgO2 
used 

In summary: 
Fvst field 
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~ 

Global value for the release of ammoma at BOD dissolved decay 
(gNH4+-NlgO2) 

Second field 

Global value for the release of ammoma at BOD suspended decay 
(gNH4+-N!g03 

Third field 

Global value for the release of ammoma at BOD bed decay (gNH4+- 
w @ 2 )  

Fourth field 

Global value for the uptake of ammoma m plants proporhonal to the net 
photosynthesis (gNH4+-N/gOz) 

Fifth field 

Global value for the ammonia uptake m bactena proporhod to their deg- 
mdah~n of BOD (g"4+-N/&) 

The global values wll be used by the WQ module throughout the nver 
system Local values can be gven for specific locahons 

8.2.7 Nitnfcation 
Thls property page offers possibdity to add and d t  nitnficabon related 
data 

There are four parameters related to mtnficahon 

Select either n = 1 for an ordmary 1st order reachon, or n = 0 5 for a 0- 
order reachon, supplemented mth film resisted transport 

In the first field the rate constant for the nitnficatton at 20°C is stated If n 
= 1 has been selected as reachon order, the rate constant must be specified 
as ll&y If n = 0 5 has been selected as reachon order, the umt is 
(mgfl)"/day 

In the second field the Amhenius temperature coefficient for the mtnfica- 
hon rate must be specified 

In the last field, oxygen demand by mtnficahon is gven in the unit of g 0 2  
I g NH4+-N 
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The global values wll  be used by the WQ module throughout the nver 
system Local values can be gven for specific locabons 

8.2.8 Denitnfication 
Th~s property page offers possibllity to add and edit dmtnficabon related 
data 

The demtnficabon is a process whch takes place under anaerobic condi- 
bons m the mer, e g m bactena films at surfaces of stones, gravel and 
plant leaves By h s  process nitrate is transformed mto free nitrogen, 
whlch eventually escapes to the atmosphere due to its low water solubility 
The demtnficabon can be an nnportant process for mlrogen removal in the 
nver In order to have a proper nitrogen balance, th~s process has to be 
mcluded whenever it is known to occur 

Three parameters are requmd to model denitnficabon 

Select either n = 1 for an dmuy 1st order reachon, or n = 0 5 for a 0- 
order reachon, supplemented mth film resisted transport 

In the first field the rate constant for the nitnficabon at 2OoC is stated If n 
= 1 has been selected as reachon order, the rate constant must be specified 
as May If n = 0 5 has been selected as reachon order, the unit IS 
(mg/l)'Vday 

In the second field the Arrhenius temperature coefficient for the denitnfi- 
cabon rate must be specified 

The global values wll  be used by the WQ module throughout the nver 
system Local values can be grven for specific locabons 

8.2.9 Colifonns 
Th~s property page offers possibility to add and edit colifonn related data 

The decay of coliforms is dependent on the light Intensity m the water col- 
umn, the temperature and the salmty 

(8 2) T-20 SAL I Cohdecay = CcolrKOT 0, 0, 

Global values for the first order decay rates, K, for faecal and total colif- 
orms, respecbvely, are specified m the first two fields, at 20 "C, total dark- 
ness and zero salmity The default decay coefficients have been found 
from expenments wth water polluted wth cob bactena where correcbons 
for temperature, salinity and light have been made 
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The Amhenius temperature CoefEcient, T, is specified m the h d  field 

The salmty coefficient, S, is specfied m the fourth field 

The light coefficient, I, is specified m the fifth field 

The light extmdon coefficient, 0, is specified m the svrth field The light 
mtensity, I, is the average light mtensity calculated as 

where Io is the surface light mtensity, and 2 the water depth. 

The salmity, UL, is specified ln the last field 

8.2.10 Phosphorus Content (Model Levels 1 to 4) 
l h s  property page offers the ability to add and edt data related to phos- 
phorus modelllng 

There are two parameters to be specified on h s  page, descnbmg the con- 
tent of phosphorus m orgamc matter (BOD) ongmatmg fkom polluhon 
sources, and M plants 

In the first field, the phosphorus content m BOD must be specified, as g P 
/ g o 2  

In the second field, uptake of phosphorus by plants per g 0 2  produced 
(nettoproducbon = producbon - respmbon) is specified 

The global values wd1 be used by the WQ module throughout the nver 
system Local values can be gven for specific locabons 
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8.2 11 Phosphorus Content (Model Levels 5 and 6) 
s property page offers the ability to add and edit data related to phos- 

p 4 orusmodellmg 

ere are four parameters to be specified on h s  page, descnbmg the con- 
phosphorus m orgatuc matta (BOD) ongmatmg h m  polluhon 

first three fields, the phosphorus content must be specified, as g P / 
Qssolved, suspended and bottom BOD, respectwely 

last field, uptake of phosphorus by plants per g 0 2  produced (net 
= production - respmhon) is specified 

Th global values wlll be used by the WQ module throughout the nver 
s f em Local values can be gwen for speafic locatms 

8.2.12 Phosphoms rocesses in the Water Phase 

ph t modellmg 
s property page offers the ability to add and edit data related to phos- 

are four parameters to specify on tlus page, dealmg mth the degra- 
and formahon of parhculate phosphorus suspended m the water 

first field a first order decay rate is specified, at the reference tem- 

e second field the correspondmg Arrhenius temperature coefficient is 

thud a fvst order rate for the formahon of partdate phosphorus 
is specified (first order wth respect to orthophos- 

pven at the reference temperature 20 "C 

last field the con-espondmg Amhemus temperature coefficient is 

values wll be used by the WQ module throughout the nver 
values can be gven for specific locahons 

8.2.13 P. exchange 
offers the ability to add and e&t data related to phos- 
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There are three parameters to specify on h s  page, dealmg wth phoshorus 
exchange between the nver bed and the water phase 

In the first field, the resuspension rate is specified 

In the second field, the sdang velocity for parhculate phosphorus is spec- 
lfied 

In the last field the cnbcal flow velocity, where resuspension = deposibon, 
is specified If the flow velocity (calculated by the HD-module) is below 
the cnhcal velocity, sebentahon is assumed to occur, wth the s a g  
velocity specified m the second field If the flow velocity exceeds the cnt- 
ical velocity, resuspension is assumed to occur, mth the rate specified m 
the first field 

The global values wd1 be used by the WQ module throughout the nver 
system. Local values can be gven for specific locabons 

8.2 14 Temperature 
Tlvs property page offers possibility to add and edit temperature related 
data 

The temperature wdl be computed as the result of the difference between 
solar energy mput (only dunng light hours) and the energy loss due to 
enutkd heat radahon (dunng mght and day) 

There are four parameters for temperature 

1 In the upper field on the menu the labtude (degrees) of the locahon of 
the nver is grven 

2 In the second field a global value of the maxl~llum heat radiabon of the 
nver is specified The unit is kJ/m2/hour 

3 In the thrd field a global value of the dqlacement of the maxmum 
temperature of the stream from 12 noon is specified If the nver tem- 
perature reaches its ~naxl~num after 12 noon, the dsplacement of bme 
wdl be posihve Conversely, the &splacement of tune w11 be negabve 
if the =mum temperature is reached before 12 noon The displace- 
ment of tune 1s stated m hours 

4 In the last field a global value of the emtted heat ra&abon fiom the 
nver is entered usmg the u t  of kJ/m2/day 

The global values w11 be used by the WQ-module throughout the nver 
system Global values can be sub&tuted for speafic locattons 
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Note: Temperature i s  not modelled when the Mike 12 thermoclme/halo- 
clrne hydrodynamic model i s  used as basis 

The global values wl1 be used by the WQ module throughout the nver 
system Local values can be gven for specific locabons 

8 2.75 Oxygen processes 
Ths property page offers possibility to add and edit oxygen processes 
related data 

The factors affectmg the oxygen concenkahon are photosynthehc produc- 
bon and respmtmn, reaeration (exchange wth the atmosphen), BOD 
decay and mtnficabon The two latter processes are specified on separate 
menus The oxygen menus mclude the photosynthehc processes and the 
reaerabon 

There are SIX parameters for oxygen processes 

1 In the upper field the number (1 through 6) of the selected expression 
for the calculabon of the reaerabon constant at 20°C is shown The 
Thyssen expression (1) is recommended for applicabon to small 
streams, O’Connor-Dubbm (2) to 0rdmu-y nvers, and the Churchll- 
expression (3) to nvers wth hgh flow velocities The equabons 4 
through 6 can be specified by the user, by pressmg the button 

See later for a descipbon of how to apply different expressions for 
reaerabon at Qfferent locatmns of the nver setup 

2 In the second field the Anhenius temperature coefficient for the reaera- 
bon constant is specified 

3 In the thud field, respnbon of plants and anrmals at 20°C is gven 
The unit can be specified to be either g O*/m2/day or g O2/m3/day 

4 In the fourth field the Amhemus temperature coefficient for respiration 
of plants and ammals is entered 

5 In the fifth field, -mum oxygen production by photosynthesis is  
gven, m the same unit as specified for respmbon 

6 In the last field the Qsplacement of the tune of the maximum oxygen 
producbon of the nver from 12 noon is stated If the nver has its oxy- 
gen rnmmum after 12 noon, the displacement of time wll be posibve 
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The reaerabon coefficient can be calculated either accordmg to some 
standard expressions applicable for different types of nvers or streams or 
fiom user defined expressrons The mjor factors affectmg the reaerabon 
constant are the current velocity, the nver slope, the water depth and the 
temperature The temperature is mcluded by an Amhenius temperature 
funchon as menboned above 

For more dormabon about reaerabon, see Reaerabon @ 231) 

D e h g  the local values must follow a number of specific rules Flrst of 
all, there is no mterpolabon between the selected expressions at &ffient 
chamages Thls means that if you want an expression to be valid at a 
stretch of the nver you have to specify the chamage and the requested 
expression number at the begrmung and end of the stretch. An example of 
th~s is shown below The global value IS applied everywhere else The 
expressions 1 through 4 can be used for nver stretches 

Secondly, if you only specify an expression to be used at one pomt (cham- 
age) then it wdl only be applied at thrs specific locabon Th~s is actually 
the way to use the expressions 5 and 6 These can only be applied for one 
chamage, whlch as an example could be a wer at whch the reaerahon 
process is very difffkent from the mer conditions In the example shown 
below, the global expression is valid everywhere except for the chamgees 
1 000 and 2 000 At these two pomts expressions 5 and 6 wll be applied, 
respectively 

The figure below shows the resultmg combmation of expressions m a 
schemabc way 

Figure 8 1 Cmbinatron of reaeratron expressmns 

The thrd general rule for specificabon of local expressions is that only 
one expression can be specified for a chamage Thls means that if a pomt 
definihon is made m a stretch whch is already defined by a local expres- 
sion this stretch must be split When expression Nos 5 and 6 are to be 
used at pomts of the nver where a local expression is applied, then thrs 
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nver stretch has to be split mto secbons at each side of the point defmi- 
bon The order of the definihons is arbitmy 

8.2.16 Degradatron in the water phase 
Ths property page offers possibility to add and d t  water phase degrada- 
hon related data 

There are five parameters specifying the degradahon of BOD m the water 

In the first and the thud field, a global value for the first order decay rate, 
Kl, for hssolved and suspended BOD, reqxchvely, at 20°C is shown The 
physical umt is Vday 

In the second and fourth field, a global value of the Arrhmw temperature 
coefficient for the decay rate, 0, for &solved and suspended BOD, 
respechvely, is shown It is dunensionless 

In the last field the square of the half saturabon oxygen ConcentraQon III 
the Wchaelis-Menten expression descnbmg the mfluence of oxygen m 
the BOD decay, Ks, is shown, m the umt of (gO*/m3)? The BOD decay 
maeases at very low 02 concentrabons due to the depression of bactena 
under anaerobic mndihons 

The decay of BOD is calculated as 

T-20 Do2 Degradabon = BODK,@ 
K, - DO’ 

where DO is the concentrahon of disolved oxygen. Thls equahon applies 
for dissolved, as well as suspended, BOD, only are the dflerent values for 
K, and used 

8.2.17 Reaeration 
The reaerahon coefficient can be calculated either accordmg to some 
standard expressions applicable for hfferent types of nvers or stream or 
fiom user defined expressions The major factors affectmg the reaerahon 
constant are the current velocity, the nver slope, the water depth and the 
temperature The temperature is included by an An-henius temperature 
fimcbon In th~s menu an expression for the reaerahon constant K2 at 2OoC 
is chosen 

l k s  d~alog offers possibility to modify the user’s own expressions for 
reaerabon, and to mew parameters applied 111 the three built-m expres- 
sions 
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l 

All expressions have the same mathematd fomulahon, only the param- 
eters differ 

K2 reaerahon constant at 20°C (g W/m2/day) 

u flow velocity (ds) 

h waterdepth(m) 

I nverslope 

The user can choose between SIX opbons for the expression for the reaera- 
hon constant, see below, and m the Oxygen processes @ 228) property 
Page 

All SIX expressions are based on empmcal relabonshrps between the reaer- 
ahon constant and flow velocity, water depth and nver slope The three 
first expressions are standard expressions, whereas the fourth, fifth and 
smth can be specified by the user 

1 Thyssen expression 

(8 7) 
0931 -0692 109 K2 = 2 7 1 8 5 ~  h I 

The Thyssen expression is recommended for calculahons in small 
SIreamS 

2 OConner Dubbms expression 

The O'Conner Dubbms expression is recommended for ordrnary nvers 

3 Church11 expression 

K2 = 5 2 3 3 ~ h - I ~ ~  (8 9) 

The Churchill expression is recommended for nvers wth high flow 
velocihes 
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4 m 

(8 10) 
b3 4 d3 K2 = a+ h I 

I 5 

E 6 

b Cl dl K2 = a,u ' h  I 

The user can specify coefficients for three Qfferent reaerabon expres- 
sions No 4 can be applied globally, Nos 5 and 6 can only be apphed at 
pomt locabons Thls can be done 111 structures, where the water is strongly 
aerated 

If (4-6) Own expressions are chosen, coefficients must be specified for the 
expressions The fourth expression can be applied for a nver syskm simi- 
lar to the three standard equahons These expressions (e g 1-4) can be 
specified locally as well as globally The expressions five and SIX are 
applicable only for a chamage not for a nver stretch They are mtemded to 
be used at w m ,  falls etc where the reaemtmn process has to be descnbed 
hfferent from the nver 

Flrst of all a global expression has to be specified Thls is ather done by 
ehtmg the upper field of the global part of the oxygen processes property 
page, e g by typrng the number of the expression (1 through 4, remember 
to define No 4 lfthat is chosen) or by selectmg the appropnate expression 
m the present dialog 

The coefficients of the Own expressions can be specified The own values 
are 

a coefficient of the reaerahon expression (proporbonality factor) 

b exponent for the flow velocity of the water 

c exponent for the water depth 
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9 EU TROPHICA TION EDITOR 

9. I Introduction 

The former VKI has been developing the Eutrophicatlon model EU smce 
the early seventies This advanced tool has been used in a long range of 
contexts for calculatmg the consequences of human impacts on the envi- 
ronment 

The model descnbes the growth of phytoplankton, zooplankton, benthx 
vegetaaon and oxygen condmons as a consequence of BOD loading, 
avadable nutnents and factors such as mcident light intensity, water tem- 
perature and hydraulic con&Uons 

The biologndkhemical system descnbed in the EU model consist of a 
network of coupled processes where changes in one component could 
dluence all the other vanables dependmg on the biologml reachon The 
state vanables and processes m the biological system are illustrated as fol- 
lows 
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Figure 9 1 State vanables and processes in the EU model exemplfied by rhe 
cycling of C a h  (C) 
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See also EU Processes ( p  238) and Required Data for the EU Model ( p  240) 

9.2 Background 

9.2.7 EU Processes 
In the model the cyclmg of carbon, mtrogen and phosphorus from inor- 
ganic to orgmc fom, and back to morganic, as well as coupling to dis- 
solved oxygen are descnbed 

The 12 state vanables or components in the model are 

PC - phytoplankton carbon 

PN - phytoplankton nitrogen 

PP - phytoplankton phosphorus 

CH - chlorophyll concentration 

ZC - zooplankton carbon 

DC - detntus carbon 

DN - detntus nitrogen 

DP - detntus phosphorus 

IN - morgmc nitrogen 

DO - dissolved oxygen 

BC - benthlc vegetahon 

The content of nitrogen and phosphorus in zooplankton is further 
mcluded, assummg that the carbodnitrogen and carbodphosphorus are 
constant 

The sedment acts as a source or a smk of N and P depending of many fac- 
tors, such as temperature, pnmary production and water flow The flux of 
N and P from the sedlment is assumed to be proportional to sedmentatlon 
of detrrtus and algae N and P 
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Phytoplankton 

R d u m o n  of phytoplankton 

Uptake of nutnents 

Death of phytoplankton 

Sdmentabon of phytoplankton 

Grazing by zooplankton 

Zooplankton 

Rducbon of zooplankton 

Death of zooplankton 

Respmbon of zooplankton 

Excrebon of org matter 

Demtus 

Mineralizabon of detntus 

Sedtmentabon of detntus 

Sediment 

MneraIization of sediment 

oxygen 

Oxygen producbon by phytoplankton 

Oxygen consumpbon by zooplankton 

Oxygen consumption by demtus 

PRPC 

UNPN UPPP 

DEFC DEPN DEPP 

SEPC SEI” SEPP 

GRPC GRPN GRPP 

PRZC PRZN PRZP 

DEZC DEZN DEZP 

Ruc REZN REZP 
EKZC EKZN EPZP 

R E X  REDN REDP 

SEDC SEDN SEDP 

RESC RESN RESP 

ODPC 

ODZC 

ODDC 

t 
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Table 1: 

Oxygen consumption in sediments ODSC 

ReaeraQon 

Benthic vegetation 

Production 

REAR 

PRBC 

Uptake of nutnents UNBN UPBP 

Sloughing of vegetatlon SLBC SLBN SLBP 

These basic processes descnbe the transfer and reamons on carbon, nitro- 
gen, phosphorus and dssolved oxygen in the modelled area dnven by 
hydrodynamm and external funchons The external funchons or EU Forc- 
mg Funchons mclude incidence light radiabon, temperature and loads of 
organic matter and nutnents See also Introduchon (p 237) and Requued 
Data for the EU Model (p 240) 

9.22 Required Data for the E U Mode/ 
The EU model set-up for a lake, reservor or coastal area consists of a 
hydraulic sub-model and the eutrophicahon sub-model Data on water 
depth, surface and bottom areas are automabcally transferred from the 
hydraulic results to the EU model dunng a simulahon 

The annual vanahons m EU Forcing Functions (p 241), pollubon loads or 
boundary concentrahons are, however, requlred as speclfic mput data to 
the EU model These data are 

0 Surface light mtensity 

0 Water temperature 

0 Organic (detntus) loadmg of C, N and P 
0 Inorganic loadmg of N and P 
0 Concenmons of the pelagx components (phytoplankton, zooplank- 

ton, detntus, nutnents and oxygen) at the model boundanes 

240 
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The recommended calibrahon data for the EU model are 

0 Inorganic nitrogen 

0 Inorganic phosphorus 

0 Chlorophyll-a 

0 Dissolved oxygen 

0 Secch depth, or light profiles 

As a rmnmum these measurements are necessary for the model cahbra- 
uon Measurements should be taken monthly and for a 6-12 months 
penod In (summer) penods where the pnmary production is high, a more 
frequent samphg is recommended Addrbonally, it is also recommended 
to measure 

0 Pnmaryproduct~on 

0 Total organic carbon 

0 Totalnitrogen 

0 Total phosphorus 

0 Zooplankton biomass 

0 Demtusquantltles 

0 Macroalgae biomass 

The water samplmg should be taken at different depths (e g 111 surface 
layer and 1 m above the bed) at a representatwe number of stations cover- 
mg the model entve area 

9.2.3 EU Forcing Functions 
The R e q u d  Data for the EU Model (p 240) include water temperature 
and light (sun) radiaoon at the water surface m order to simulate the bio- 
log~cal processes These data are called forcmg funchons as the model is 
"forced" to use them, and should be specified as TmeSenes 

9.2.4 Guidelines for Selection of Time Step 
The EU model uses two hme steps One for the AD- and one for the EU- 
cornputahon 

When extractmg the two EU Forcing Funchons (TmeSenes) to your EU 
model set-up, the River Name "GLOBAL" must be specified in the MIKE 
11 Boundary file Values for Chamage and Component Number are not 
requlred 
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The AD time step is specified as for any other MIKE 11 simulahon 
whereas the EU hme step is specified under General model parameters 
( p  246) (the parameter WQDT) 

Regardmg WQDT the user should note the following 

0 The EU tune step (in hours) usually is higher than the AD ume step (in 
mutes) as eutrophicauon processes only are dynarmc on a day-today 
basis, and thus 11) order to save compuung tune, the EU-computatlon 
should be less fiquent than the AD computaaon WQDT should, how- 
ever, be small enough to resolve steep gradients m the state vanables 
caused by movements of the water Wes and pulses m inputs from the 
boundaries and tnbutanes 

0 The AD m e  step 1s chosen as for any other AD simulahon 

0 The AD and EU tune steps should not be selected independently of 
each other The EU tune step MUST be a multiple of the AD tune step 
Otherwise, the results WIU be erroneous 

9.2.5 EU Results 
The result from a model smulahon, i e the concentrabon dismbutrons of 
the 12 state vanables will stored in the res11 file as for any other AD sim- 
ulahon Addihonally, a number of EU Processes (p 238) and some 
denved vanables are stored m a EUAdd res1 1 file 

0 Total-nitrogen PN+DN+ZN+IN (g/m3) 

0 Total-phosphorus PP+DP+ZP+P (g/m3) 

0 PRPC phytoplankton pnmary production (g/m2) 

0 PRBC net benthlc production (g/m2) 

0 PRpC+PRBC total net pnmary producuon (g/m*) 

0 Secchi depth (m) 
0 Nitrogen balance for the sdment SEDN+SEPN-RESN (g/m2) 

0 Phosphorus balance for the sediment SEDP+SEpP-RESP (g/m2) 

NOTE that the stonng frequency must be a muhple of the Eutrophicatron 
(EU) time step Only results calculated at trme steps where the eutmphca- 
bon model has been activated are valid This is illustrated 111 the sketch 
below 
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figure 9 2 Stonng frequency 

Atm = 180,90,60,30,15,5 mm and others 

The state vanables (1 e resll file) and the process rates (1 e EUAdd resll 
fde) can be stored every ume the eutrophicahon module is achvated (in 
the above example every 3 hrs, 6 hrs, 9 hrs etc ) 

9.3 EU Property Pages 

Data edihng forms consist of three entnes 

1 Basic calibrabon parameters, i e the model coefficients that can be 
changed dunng the calibrauon phase 

2 Ecosystem specific parameters, 1 e the coefficients related to the mod- 
elled ecosystem These coefficients are changed occasionally 
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3 Physologcal/chemcal parameters, i e parameters which should only 
be changed if specific knowledge about the modelling area can justify 
this 

The menus are grouped into 8 categones 

e Light exonction ( p  244) 

e Oxygen@ 244) 

e Phytoplankton(p 245) 

e Sedtmentfp 245) 

e Zooplankton(p 245) 

e Benthic vegetabon (p 245) 

0 Detnus(p 246) 

e General model parameters ( p  246) 

The property pages for each of the above are described below 

I 

9.3.7 Light extinction 
' lhs property page offers possibihty to edtt parameters related to hght 
exbncbon - the penetrabon of light through the water column 

All parameters are specified as meter1 

For general infornabon on the EU Parameters, see EU Property Pages 
(P 243) 

I 

For speclfic mformaoon on EU parameters, please inspect the EU Techni- 
cal Reference Manual 

m 
ILa 

9.3.2 Oxygen 
ms property page offers possibihty to edit the oxygen related parameters 

All rates are specified as the maxllllllm rate, day-' at 20 degree Celsius 

For general information on the EU Parameters, see EU Property Pages 
(P 243) 

For specific informabon on EU parameters, please inspect the EU Techni- 
cal Reference Manual 
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9.3.3 

9.3.4 

9.3.5 

9.3.6 

Phytoplankton 
Ths property page offers possibility to d t  the phytoplankton related 
parameters 

All rates are specified as the maxunum rate, unit is day-' at 20 degree Cel- 
sius, except for Maximum Growth rate for Diatoms, whch is day-l at 5 
degree Celsius 

For general infomatlon on the EU Parameters, see EU Property Pages 
(P 243) 

For specific mformabon on EU parameters, please inspect the EU Techni- 
cal Reference Manual 

Sediment 
Ttus property page offers possibility to e&t the sediment related parame- 
ters 

All rates are specified as the maxmum rate, day-' at 20 degree Celsius 

For general mformation on the EU Parameters, see EU Property Pages 
(P 243) 

For speclfic mformahon on EU parameters, please inspect the EU Techni- 
cal Reference Manual 

Zooplankton 
This property page offers possibility to edd the zooplankton related 
parameters 

All rates are specified as the maximum rate, day-l at 20 degree Celsius 

For general infomation on the EU Parameters, see EU property Pages 
(P 243) 

For specrfic mformabon on EU parameters, please mspect the EU Techni- 
cal Reference Manual 

Benthic Vegetation 
This property page offers possibility to edit the parameters related to the 
benhc vegetation 

All rates are specified as the maximum rate, day-l at 20 degree Celsius 
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For general informahon on the EU Parameters, see EU Property Pages 
fP 243) 

For specific informahon on EU parameters, please inspect the EU Techni- 
cal Reference Manual 

9.3.7 Detrius 
1 Thls property page offers possibility to A t  the demtus related parameters 

All rates are specified as the -mum rate, day-1 at 20 degree Celsius 

For general rnfonnatlon on the EU Parameters, see EU Property Pages 
fP 243) 

For speclfic mformahon on EU parameten, please inspect the EU Techni- 
cal Reference Manual 

9.3.8 General model parameters 
Th~s property page offers possibilrty to d t  the General Model Parame- 
ters 

Lahtude for the model area is specified For southern Hemsphere, the lat- 
itude is specify as a negahve value 

WQDT is the EU tme step ln hours See Guidellnes for Selechon of Time 
Stepfp 241) 

SAL, is specified as the average sallnity for the model area 
t 
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mode is amvated h u g h  the ‘Transport model’ tab page by activatmg the 
check-box, ‘Calculabon of Bottom Level’ The sedrment transport is cal- 
culated m tune and space as an explicit funcbon of the corresponding val- 
ues of the hydrodynamic parameters calculated m tandem The sediment 
transport module solves the sedlment conmuity equation and determines 
the updatmg of bed resistance, transport rates, bed level changes and dune 
dlmensions (dependmg on the transport relabonshp adopted), so that 
changes m flow resistance and hydrauhc geometry due to the sediment 
transport can be rncluded in the hydrodynmc computabons 

The morphologcal smulabon mode requlres considerably more computa- 
tlon tune than the exphcit mode but is more representabve of the dynarmc 
alluvial processes 

10.1.2 The transport models 
A vanety of transport models are avsulable Some of the transport models 
determmes the total sedlment transport and others disbnguish between bed 
load and suspended load Followrng transport models are avsulable 

0 Engelund - Hansen (Total load) 
0 Ackers - Whte (Total load) 

0 Smart - Jaeggi (Total load) 

0 Engelund - Fredsw (Bed load and Suspended load) 

0 Van R i p  (Bed load and Suspended load) 

All of the transport models can be used for both explicit and morpholog- 
cal mode computabons 

No general guidelrnes can be gwen for the preference of one model over 
another, as the appllcabllity of each depends on a number of factors Fur- 
ther detads can be found by consultmg the NST Reference Manual 

Sedment transport IS a bghly non-lrnear funmon of the flow velocity 
Dependrng on the model used, the transport is propomonal to the velocity 
rased to the 3rd or 4th power Instabllibes may occur m certa~~~ cases even 
when the hydrodynmc computabon is stable Special care must be taken 
m the detemnabon of initlal condihons and tune step selecbon to avoid 
mstability problems 

Features and usage of the ST Parameter Editor pages are descnbed below 
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70.3 Transporf model 

Selection of sedment transport model as well as editmg the model spe- 
cific parameters are essentral for the calculation of the sediment transport 
This page should therefore always be checked by the user to set the appro- 
pnate transport model and adjust the transport parameters If required 
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Feature not mplemented 111 the computational kernel of MIKE 11 
2000 

- Graded sedment volumes m each gnd pomt 

Feature not mplemented in the computahonal kernel of MIKE 11 
2000 

Parameters used if a morphological computation is included 

Calculation of Bottom Level 
A check box is prowded to mclude or exclude bed level updatmg dunng 
the smulahon 

dWdZ 
Calculahon parameter for the rnorphologml model 

PSI 
Centnng of the morphological cornputahon scheme m space 

FI 
Centnng of the morphological cornputahon scheme in m e  

FAC 
Cahbrahon parameter for cornputahon of denvatives rn the morphologd 
model 

Porosity 
Porosity of the sedunent 

Parameters used if updating of bottom shear stress is included 

Bed Shear Stress 
A check box is provided to mclude or exclude bed shear stress updahng 
dunng the sunulaaon 

Resistance type combo box 
The user is gwen the option to define which shear stress / resistance type 
formulahon is used throughout the smulatlon (Manning’s M, Manning’s n 
or Chezy) 

The feature is not implemented 111 the computational kernel of MIKE 11 
ZOOO, so modifying this selechon box will have no effect on the sirnuhaon 
results 
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Omega 
Cahbrauon parameter for the resistance number (ResistanceST = 
OMEGA + ResistanceHD) 

MinimumAdaximum 
finmum/maxmum limts for the calculated resistance number m the 
compumons 

Please Note. If calculatron of the bottom shear stress is selected in a mor- 
phologml computauon, the updated shear stress values are used m the 
hydraulic computauons Thus, the Chezy or Manning number specified 111 

the cross-secuon data base may differ from the value@) applied 111 the 
hydrodynarmc computatrons 

10.3.2 Special features for specific tmnsport models 

Engelund-Fredsoe model 
When selectmg the Engelund-Fredsge transport model, dune height and 
dune length are computed - if calculaQon of Bed Shear Stress is included 
Therefore, an adduonal property page, ‘htd Dune Dmensions’ is made 
vlsible 111 the ST Ehtor when either the bed load or suspended load trans- 
port model is chosen as Engelund and Fredsw, see Secuon 10 8 

Smartzlaeggi model 
When selectmg the Smart-Jaegg transport model, the model parameters 
must be edited as for all  other transport models Addiuonally, coefficients 
and exponents used m the Smart-JaeggI fomulaQon can be edited There- 
fore, when selectmg the transport model for Total Load as ‘Smart and 
Jaew’ values for coefficients and exponents can be edited in a seperate 
dialog as shown m Figure 10 3 

- 

Sediment Transport Parameter Ednor 255 



Sediment Transport Parameter Editor 

Figure 10 3 Add&onal dialog for defining Smart and Jaeggi model factom 

The Smart - Jaeggi Factors &dog is actlvated by pressing the 

model selected is ‘Smart and Jaeggi’ 
button, whch can be actwated as soon as the transport 

Coeficients and exponents are essenhal for the Smart and Jaegg transport 
model and a smulatlon should therefore not be performed untll thrs ddog 
has been edited 

10.3.3 Bottom level update methods 
Special optlons for updatmg the bottom level exists The default method is 
to assume that the whole cross sectlon is moved undstorted up in the case 
of deposihon and down rn the case of erosion Altematrvely, an ACSII file 
named ‘Bedlevel txt’ can be placed m the data dmtory (together with the 
STll-file) with specificatlon of another update method The first lme m 
the ascii file is not read by MIKE 11 The second lme should contam the 
IdentIfication Number and the bottom level update method 

Update methods avadable are 

0 Method no 1 

Deposihon m honzontal layers from the bottom Erosion proportional 
with depth below bank level 
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0 Methodno2 

Deposihon and erosion umformly &stnbuted below the water surface 
No depositron and erosion above 

0 Methodno3 

Deposihon and erosion propomonal with depth below water surface 
No depositlon and erosion above 

0 Methodno4 

Deposition and erosion unrformly distnbuted over the whole cross sec- 
uon (i e below the bank level) 

0 Methodno5 

Deposibon and erosion propofional with depth below bank level 

If the Ne ‘Bedlevel txt’ does not exist, the default method (no 4) is 
apphed If the file exists, the user is prompted to confirm whether the set- 
tmgs m the file should be used before the sunulabon starts 

A more detsuled descnpbon on the calculabon of bottom levels is gwen in 
the NST Reference Manual 

10.4 Calibration faciors 

The factors ‘Factor 1’ and ‘Factor 2’ can be applied to the calculated 
transport rates as correchon factors 

If the sediment transport is calculated as total load (e g Engelund-Hansen, 
Ackers-whlte and Smart-Jaew models) ‘Factor 1 ’ is used as the correc- 
tion factor, whereas for other models dimguishmg between bed load and 
suspended load, ‘Factor 1 ’ is used as a multiphcatron factor for Bed load 
transport and ‘Factor 2’ as a mulbphcabon factor for suspended load 
transpofi Cahbrabon factors can be specified globally and locally as 
shown 111 Figure 10 4, where ‘Factor 1 ’ and ‘Factor 2’ are globally defined 
as 1 0, but vanes hnearly wth values different from the global 111 the mer 
reach ‘RIVER1’ chamage lo00 to 4OOO m 

1 

~~ 
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Figure 10 4 Cahbmhon factors dialog 

70.5 Data for graded ST 

The requued mput data for the smulation of graded sedment transport 
and sediment sortmg are specified on this property page 

The bed m a t e d  is represented by two layers, an actlve layer overlymg an 
mactlve, passive layer Each layer is dwided mto an equal number of frac- 
tlons (or classes) specified by the user A mean gram slze (mm) for each 
fractlon and the percentage distnbutlon for both the actlve and the passive 
layers must be specified The fractlon mean grain sues are global but the 
inihal percentage srze distnbutlons may be specified globally or locally 
The sum of the mitlal percentage distnbutlons for both the actlve and the 
passive layers must equal 100% 

It is possible to specify a lower lmit for the actwe layer depth ('Mm depth 
actlve layer') and an mitlal depth for the passive layer 
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The effects of shieldlng can also be included by settmg a check mark in 
the ‘Shieldmg of particles’ checkbox 

The percentage contnbutlon and transport rate of each fraction can be 
stored m the result file by semg a check mark m the ‘Save fracbon Val- 
ues’ and ‘Save sed transport each fracbon’ check boxes If the result file 
is to be used as a hot start file, the values must be saved 

Global and local values can be speclfed An example of defmlng 4 frac- 
bons (global defined fracbons only) is shown in Figure 10 5 

Figure 10 5 Example of speaijmg Graded ST data (4 fractions) 
I 
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10.6 Preset distribution of sediment in nodes 

The default &stnbuuon at a node IS carried out accordmg to the ratlo of 
flow hscharges An alternahve hstnbuhon can be specified on this prop- 
exty page by providmg the coefficients and the exponents (K and n values) 
rn the followrng relauonshp 

Qf;+' = KmQ2 
5 

m KtQt 
llpstrerm - brarcbu 

bladlcs 

ma Where 

Qfy &ent transport rate IYI branch m 

The coefficients and exponents are pven for each branch, specified by its 
upstream and downstream chamage, hdced to the node The property page 

nodes related data 

6t 
00 

m 
10.7 Passive branches N 

rn 
m 

BDll 
m 
91 
m 

also enables the addmon and dtmg  of a preset distnbubon of merit in m 

m Branches m whch sedment transport should not be calculated are speci- 
fied by nver name and upstream and downstream chamage as shown m 
Figure 10 6 Sedment can be transported mto a passive branch, but no 
sedrment can be transported out of the branch 

m 



lnrtral dune dimensions e 

figure IO 6 Passrve branched property page 

10.8 Initial dune dimensions 

When selectmg the Engelund-Fredse transport model the dune height 
and length are computed when calculahon of bottom shear stress 1s 
mcluded The dune dunensions can be specified as applicable globally and 
locally If dune dunensions are specified for local applicahon, these values 
will be used mstead of any globally specified values 

Figure 10 7 shows an example where the global dune height has been set 
to 0 25 m, and the global dune length has been set to 12 50 m These val- 
ues will be used 111 the entue nver network, except 111 the reach ‘RIVERl’, 
between chamage 5 0oO km and 10 OOO km, where the dune height vanes 
linearly between 0 25 m and 0 40 m 
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Figure 10 7 Example of an implementatm of local rnitral dune dimensions 

If no dune dunensions are given, or the dune height and length equals 
zero, then the dune height wlll be calculated as the water depth divided by 
6 with a dune length of 15 tunes the water depth 
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Introduction 

11 FLOOD FORECASTING EDITOR 

1 1 1 Introduction 

The MIKE 11 Flood Forecasting Module (MIKE 11 FF) has been 
designed to perform the calculabons requmd to prdct the vanation in 

water levels and discharges 111 nver systems as a result of catchment ram- 
fall and runoff and inflow / outflow through the model boundanes 

The MIKE 11 FF module includes 

0 Defmitton of basic FF parameters 

0 Defimbon of boundary eon&bons 111 the forecast penod (Forecasted 
boundary condibons) 

a Dehitton of Forecast stahons 
0 An updating routme to mprove forecast accuracy The measured and 

smulated water levels and discharges are compared and analysed in 
the hmdcast penod and the simulabons corrected to m m s e  the &s- 
crepancy between the observabons and model smulabons 

17.2 Basic definitions 

11.2.1 Simulation Period and Time of Forecast 
The Tune of Forecast (ToF) IS defined in relabon to the Hrndcast and the 
Forecast Penod in Figure 11 1 The Hmdcast Penod defines the sirnulabon 
penod up to ToF and is speclfied in the smulatton file or calculated by the 
system, see Chapter 11 2 2, Smulatton Mode The length of the Forecast 
Penod is always speclfied m the Forecast Menu, see secbon 11 3 1 

figure 11 1 Definition of ToF 

I Flood Forecastmg EdRor 265 



Flood Forecasting Edhor 

11.2.2 Simulation Mode 

Real-time mode 
Red tune mode defines a condition where MIKE 11 FF is used to execute 
sunulahons applymg real-tune hydrometeorological data as boundary 
con&tions The common tune span of the boundary data defines the hind- 
cast penod, see Figure 11 2 As real-me hydrological and meteorological 
data are often captured and supplied by a telemetry network, pre-process- 
mg of these data is usually requlred for a specific (user defined) Hmdcast 
Penod and T i e  of Forecast 

I I 
1 

I 
I I b 
I I 

t I .  

I 4 
I 

I 
I 

! 
IF] 

Figure 17 2 Definhon of Hindcast Penod and ToF 

Historical mode 
Whde real-tune telemetry data form the boundary condihons m an opera- 
tional forecasting mode, bstoncal hydrometeorological data are applied 
as boundary conditions m the cahbration and validaQon phase of forecast 
modellmg 

When MIKE 11 FF runs m histoncal mode, the hmdcast penod is defined 
vlii the Simulatlon Menu m the sml 1 editor The kdcast  Penod is 
defined from Siulation Start to Sunulation end i e Simulahon end is 
mterpreted as ToF 

In the example shown below m Figure 11 3 the hmdcast penod starts on 
the 4 January 1999 at 12 00 and last up to 7 January 1999 at 12 00 
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Figure 11 3 Definttm of Hindcast pmd in hstoncal mode 

The forecast penod is defined 111 the Forecast Menu 

7 7.3 Forecast 

The mam forecast parameters are specified m the Forecast Menu, 
Figure 11 4 

Figure 17 4 Basic Forecast Definhms 
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11.3.1 Forecast length 
The Forecast length is equal to the Forecast Penod (Figure 11 4) The 
length of the Forecast Penod can be specified in hours or in days 

11.32 Include updating 
Tick on the appropnate check box to include the updatmg routme Update 
pomts and parameters are specfied on the Update Specification menu, 
see -on 11 5 

71.3.3 Accuracy 
The Boundary Condrbons esmted after the Time of Forecast are obvi- 
ously uncertam The effect of a specified uncemty level can be included 
m the smulabons 

Tick on the ‘Include uncertamty level’ check box to d u d e  

Spec@ either global andor local values for the deviatlon Global values 
are apphed to all catchments or HD boundary condrtlons, except those 
whch are listed m the ‘Local Values’ fields 

Estmated boundary condrtions with Upper and Lower levels are stored m 
the ‘Boundary Esmates’ duectory as descnbed m Sectron 11 4 4 

17.3.4 Altemafwe Modes 

Multiple forecast with historical data 
To execute smulatlons m fistoncal Mode tlck on the Mulbple forecast 
check box, see Figure 11 4 or below Addrbonal mformabon about smu- 
latmg m I-hstoncal Mode can be found m Secbon 11 2 2 

In rnstoncal Mode it is possible to execute consecutlve slmulabons shift- 
mg the Start m e  and ToF of each smulaQon Smulatlon start and ToF 
applied m the first smulatron are defined on the smulatlon menu in the 
smll editor 

figure 11 5 Selectmn of Hstoncal Mode 
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No of FC defines the number of consecutive sunulahons to be executed 
and Step defines the rnterval at which mulhple forecasts are made The 
Tune of Forecast (ToF) is moved forward Step (hours) between forecasts 
(see Figure 11 6) 

ITgure 11.6 Muthple sirnulabom m Histoncal Moda 

Smulatlon no 1 is executed accordmg to Simulatlon Start and Smulatlon 
End found III the Slmulatlon Menu rn the Smll &tor As described in 
Sechon 11 2 2, Histoncal Mode, Smulauon End is interpreted as ToF In 
each of the followrng smulaoons Smulahon Start and ToF are s h h d  12 
hours 

Seasonal forecasting 
Not yet mplemented 

11.3.5 Location of forecast stations 
Forecast pomts are specified as shown m Figure 11 7 below 

Figure 11 7 Locabon of Forecast Pants 
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17.4.7 setup 
Specrfy catchment name (RR) or Rwer name and Chamage (HD) to locate 
the actual boundary 
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Filename 
Press the “ ” button to select the appropnate time Senes file 

Filetype 
The “Axis type for the dfsO files applied in the forecast penod can be 
either ‘Calendar axis’ or ‘Relative ms’ If a dfsO file is based on a ‘Rela- 
tive tune axis’ the start tme of that parhcular trme senes will be mter- 
preted as ToF 

11.48 Editing 
All files lncluded III the setup menu will be listed in the ‘Editmg’ menu as 
seen 111 Figure 11 9 above Presslng the “Edit” button will start the MIKE 
Zero m e  senes &tor with the actual tune senes loaded In this manner it 
is possible to view and &t the boundary estmate tune Senes 

11.4.3 Boundary data manipulation 
To rmnlrmze the m e  spent e n t m g  and editmg data related to the ‘Esb- 
mated boundaries’ several alternative boundary estlmahon methods have 
been rmplemented m the F’F module The dflerent boundary estnation 
methods are summar~sed m Table 11 1 and thew effect illustrated III Fig- 
UES 11 10- 11 14 

Omit a boundary condition. 
A boundary Icondibon tmesenes i e ramfall / evaporabon or discharge / 
water level tune senes is smply omtted m the ‘Setup’ list. 

Table 11 1 

1 Ormt a boundary condihon in If data from the hindcast tlme Figure 11 10 
Ithe ‘Setup’ list senes cover the forecast 

mise the hmdcast value at 
ToF IS applied 

I penod, these are applied 0th- 

The ume senes covers at least No manipulahon is required 
the whole forecast penod 

Figure 11 11 

Esumated m e  senes starts at Time senes is extrapolated 
ToF but does not cover the applymg the last found value 
whole forecast p o d  

Figure 11 12 
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Eshmated bme senes starts 
after ToF 

Tune smes is interpolated 
using hindcast data at ToF and 
the fust entered estlmated 
value 

Figure 1 1  13 

tlk senes cover the 
forecast p o d ,  but 

k n g  the first 10 HD tlme 
steps the boundary data are 

a &sconhnuty at ToF mterpolated between hndcast 

Figure 11 14 

data at ToF and emmated data 
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Figure 11 10 Extrapolatron from value at ToF 
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Figure 11 13 Intetpolabn of €&mated boundary mndibon 
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t I- 
2 1  I 
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Slmllrxlon pofiod 

Figure 11 14 Disconbnuityat ToF 

77.4.4 Storing of Estimated boundaries 
Estmated boundanes are stored for each forecast m a slrmlar manner to 
the smulated levels or discharges from the forecast stations, see Sechon 
1135andFigure11 15below 

Figure 11 15 Esbmated boundaty directory structum 

11.5 Vpdafe specifications 

The purpose of updating is to evaluate and e l m a t e  deviattons between 
observed and simulated dischargedwater levels in the Hmdcast Penod to 
mprove the accuracy of the model results in the Forecast Pmod Phase 
and amphtude errors are identified by the updamg routine and correchons 
rn the hmdcast and the forecast penod are subsequently applied 

Figure 11 16 shows the Update SpecificaUon menu 
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Iterations 
See No of Iterahons 

Implicit solution 
The specfied tune senes are apphed as mternal boundary condihons m 
the model In the Conmwty Equahon hn+l is subshtuted by the observed 
water level and the lateral mflow cr"+" is calculated and apphed as the 
updatmg dwharge 

No. of iterations - 
If a mer branch includes a number of update points the specified No of 
itemons should be equal to or larger than ttus number For large nvers 
with few update pomts it may mcrease the update efficiency to use an 
even larger number of iterahons Different numben of itemom should be 
tested before operahonal forecasmg is uuhated A larger number will 
mcrease the accuracy but also mcrease the requrred calculatlon tme 

Frequency 
Frequency of updatmg, 1 e the number of MIKE 11 HD tune steps 
between data observahons 111 the tune senes used for updatmg 

11 S.2 Correction 
The updatmg routme wll calculate a correchon discharge to be routed mto 
the nver system along the correchon branch The correchon branch is 
specified by River name, First chainage and Last chainage 

If the specified chamages does not correspond to the computational gnd 
they are mMied by the FF module and a warnmg message is issued 

11 S.3 Parameters 

Table 7 7  2 

Max phase mor Higher phase errors are auto- Equal to AF' 
matlcally reduced to this value 

Analyse Penod Determine the penod where Found by callbra- 
(An observed and simulated data tion 

are analysed 



~ 

I 

Flood Forecasting Eddor 
I 

Oons may be given more 

p o d  by a fmt order decay 
with h s  tune constant. 

culated updatmg dscharge 

cause dewahons to be inter- 
preted more as amplmde 

bon 

errors 

Peak value fighest expected dscharge From observed &s- 
after applyng the corremon charge hydrographs 
hscharge 
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Each lme in the ‘Selected Parameters’ gnd must only contain specifics- 
tlons of the parameters or mput files which should be different from the 
base simulahon fde Parameters whch should differ from the base simula- 
tlon file is selected in the tree-view on the left-part of the Batch Smula- 
aon Editor, see Figure 12 1 Open the treeview items by cliclung the ‘+’ 
and select the itedparameter whch should be modrfied III the batch simu- 
labon by doubleclickmg in the empty square 111 front of the specific item 
After double-cliclung the item, a new column wdl be introduced III the 
‘Selected Parameters’ gnd whch makes it possible for the user to select 
dtfferent mput files or define vanaaons m mput parameters 

figurn 12 1 Treenew from the Batch Simulatron Editor dralog for selectrng batch 
simulation parameters 



Setting up a Batch Simulation 

If e g the Network file should be different 111 some smulations, open the 
‘Input files’ item in the tree-view and double-click the Network square 
After this a Network column is presented in the ‘Selected Parameters’ gnd 
and network-files can now be specified in this column - either manually or 
by pressmg the ‘ ’ button to browse for the r e q u d  file If e g the net- 
work file 111 one smulation should be the same as in the base simulaaon 
Ne - but other parameters are changed -the ‘base network file’ must be 
defmed m the network field, as it is not allowed to have any blank cells in 
the ‘Selected Parameters’ gnd 

Additlonally, e g the AD-model should be deactivated 111 some smula- 
tlons, open the ‘Models’ item 111 the tree-view and doubleclick the AD 
squuare In the ‘Selected Parameters’ gnd you will now have the possibil- 
ity m the AD column to set the value to False (model deactlvated) or True 
(Model actwated m smulatlon) 

After all fdes and parameters for the batch smulaaon have been specified, 
it IS r e q u d  to save the data to a Batch Sllnulation file (* BSl 1) 

The ‘Venfy’ button can be used to make a test of all batch-setups m the 
Batch Smulatron file The venficatlon procedm mcludes a test of all 
mput-files, smulatlon parameters etc and therefore, if problems exist m 
some of the input files or other smulatlon parameters, the user will be 
mformed about th~s through the venfication procedure 

After the venficabon of the setup has been performed, press the ‘Run’ but- 
ton to start the batch smulabons 

Figure 12 2 shows an example of a Batch Smulahon setup, where two dif- 
ferent network files are combmed with two hfferent HD Parameter files 
A setup llke this could be used to investlgate the mpact of vanatlons rn 
bed resistance values (Mannmg numbers) at locations where a hydraullc 
structure (we@ has been planned The two Qfferent network files will 
then be identrcal except from the one file wdl contam descnpbon on the 
new proposed weu, and the two HD Parameter files wdl only &ffer 111 the 
local vanaaon of the Mannmg numbers 

Output from the four different batch smulatlons has also been defined 
such, that results from each smulahon are saved 111 Merent result-files 
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Batch simulation Edltor 

Figure 122 Exampie of Batch Simulatm setup 
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Introduction 

A.1 FLOW RESISTANCE AND VEGETATION 

A. 1.1 lntroducfion 

Only a few detaded investlgabons have been made on establishing rela- 
aonshlps between flow resistance m a stream filled with vegetabon and 
flow resistance m the same stream without any vegetation A quanbtahve 
evaluabon of the vegemons d u e n c e  on the flow resistance has been 
performed m a few danish gaugmg-programmes For each of the pro- 
grammes it has been possible to idenbfi the mfluence of the weed on the 
flow resistance, but it has not been possible to transfer the results to other 
streams and envxonments Therefore, it is evident, that descnption of the 
weeds mfluence on flow resistance and hydrauhc condihons in general is 
always a matter of cahbratmg the modellmg system by adjustmg values of 
the bed resistance parameter 

Results and h c h g s  from the Danish gaugmg programmes and mvestiga- 
fions on the weeds mfluence on flow resistance are descnbed m the fol- 
lowing 

A. 1.2 Flow Channels in Halker A 

Jensen et ai, 141 descnbes expenments performed m a danish stream 
named ‘Halkax A’ A smght-lme smtch of the stream with very dense 
vegetafion was chosen for the expenment, and regulators for control of the 
mflowmg discharge to the stretch were mt~oduced The object of the 
expenment was to detemme Q-h relatrons for chfferent weed densifies Q- 
h relabons were established for natural (very dense) weed conditions, and 
addihonally for situabon where flow channels of ddferent widths were cut 
m the weed Widths of 0 5 m, 1 m and 2 5 m (equals weed-free conditions) 
were mvestigated The vegetation type was Bur Reed (latm Sparganium 
sp , danish hdsvmeknop) with few occurrences of Water Thyme (latm 
Helodea sp , danish Vandpest) The obtamed Q-h relabons are presented 
m FigureA 1 1 
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Figure A. 1 1 Q-h wwes determined for varytng flow channel wdth 

Calculated Manning numbers (hhnmng’s M) are presented in 
Figure A 1 2 as a funcbon of Discharge, Q From thls figure, it can be 
seen, that the flow resistance m a weed-fdled stream can be up to 4 tunes 
larger compared to weed-free condibons m the same stream 
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Figure A 12 Mannings M calculated as a functron of Discharge, Q 



Laboratory measurements using Bur Reed 

I 

A. 1.3 Laboratory measurements using Bur Reed 

Jensen /3/ descnbes a laboratory expenment using a 15 m long and 0 3 m 
wide flow channel A weed-bank of 2 meters in length was prepared using 
leaves of Bur Reed (lam Spargamum emersum Rehman, danish enkeltb- 
ladet pmdsvieknop) The expenment mcluded a senes of measurements 
with varying weed density Figure A 1.3 shows the results from the meas- 
urements Mammg's n is plotted agamst the product, Velocity, V, tunes the 
hydraulic radius, R, for two Merent densitres of weed (defined by mass 
of dry matend per area) and a complete weed-free situahon From the 
results it can be seen, that the flow resistance vanes with a factor of 4 to 6 
from a weed-& channel to a situahon with very dense vegetation (325 g 
dry matenaVm2) 

Figure A 1 3 Manning's n vs VR (VR VeroCrty trmes Hydraulic Radius) 

Jensen /3/ dscusses the possible comlatron of flow resistance and 
hydraulic parameters and presents arguments, statmg that the vanahon in 
flow resistance can be correlated to the product, VR for a specific weed 
density by the followmg equatron 

n = aln(VR) + b (A 11) 

where, n is Mannmg's n, Vis the average flow velocity, R hydraulic radius 
and Q and b are coefficients d e t e m e d  by regression A venfication mal 
of eq (A 1 1) using measurements from another danish stream, Slmested 
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Flow resistance and vegetation 

A, was unsuccessful Applicahon of eq (A 1 1) is, however, supported by 
Bakxy /1/ where stat~stlcs have been made on 12 cross sections with 
‘drowned weed’, that is, weed which pnmanly gets its nounshment from 
the water and therefore is not limted to the area near the stream banks In 
h s  senes of mveshgahons it was found, that m case the weed is luruted to 
the banks only it is suitable to use the followmg expression 

where a and b are coefficients as descnbed for equahon (A 1 1) and D,, is 
the hydraulic depth calculated fiom 

(A 13) 
A D, = 

where A is the flow area and B is the width of the sechon at water surface 

It should be noted, that eq (A 1 1) depends SignZicantly on the flow 
velocity compared to eq (A 1 2) Thls reflects the fact, that weed along 
banks (non-drowned) is less hable to he down due to hgh flow velocihes 
than fully drowned weed 

A. 1.4 Experiments in ‘Kimmeslev Mallebek’ 

Haybye et al, /2/ descnbes how Q-h curves have been detemned rn a 
danish stream named ‘Kmmerslev Mgllebak‘ for both a wmter and a 
summer situauon These situahons are prachcally idenhcal to penods with 
no weed m the stream and pen& with very dense vegetahon present in 
the stream In the summer situahon the weed is pnmanly bank vegetahon 
and to a smaller extent bed vegetaaon Bottom width of the cross section 
is approx 2 m, bank slopes approx 30 degrees and measurements have 
been performed - for both situations - for depths between approx 6 and 50 
cm 

Results showed, that Mannmg’s M m the wmter situahon vanes from 15 
m% at small water depths up to 30 m”Vs for large water depths 
Figure A 1 4 shows the calculated Mannmg numbers as a function of 
water depth For companson expressions of the form (A 1 2) have been 
fitted to the data 
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figure A 1 4 Manning’s M for I(lmmerslev Mnllebk in summer and wnter 
p e d  Results calculated n& the fonnulas of the fom M = 0 are 
also included 

A. 1.5 Experiments in ‘ArnA ’ 
Hoybye et al ludescnbes a gaugrng programme with the purpose of deter- 
mumg the vanmon of Mannmg’s M in the pen& from May 1990 till 
October 1991 In the begmmg of the penod, Mannmg’s M is approx 10 
ml%, rncreasrng to approx 15 ml% m August 1990 as a result of weed 
cutt.mg Thereafter Manmng’s M rncreases dunng winter to a value of 
approx 25 ml% From apnl it is found, that Manning’s M starts to drop 
and ends at approx 10 mWs in late summer 

These results - an annual variabon m Manning’s M between approx 10 
m% and 25 m”Vs - are idenhcal to the vanations observed rn ‘Km- 
merslev Mollebaek’ 




